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[57] ABSTRACT 

Oligonucleoside alkyl — or aryl phosphonates are non- 
ionic analogues of nucleic acid which possess unique 
physical and biological properties. These properties 
enable the analogues to enter living ceils intact and to 
bind with specifically selected nucleic acids within the 
cell. As a result, the analogues can specifically inhibit 
the function or expression of a preselected nucleic acid 
sequence. Thus the analogues could be used to specifi- 
cally inhibit the growth of tumor cells or replication of 
viruses in infected cells. 

Four methods are provided for preparing oligonucleo- 
side methylphosphonates: (1) Coupling a protected 
nucleoside 3'-alkyl or aryl phosphonate with the 5'- 
hydroxyl group of a protected nucleoside using a con- 
densing agent; (2) Coupling protected nucleoside 3'- 
alkyl or aryl phosphonic acid derivative with the 5'- 
hydroxy group of a protected nucleoside with the acti- 
vated alkyl or aryl phosphonic acid derivative possess- 
ing functionalities which are good leaving groups; (3) 
Coupling, a protected, nucleoside 3'-alkyl or aryl phos- 
phinate derivative with the 5'-hydroxyl group of a pro- 
tected nucleoside with the resulting phosphinate deriva- 
tive being then oxidized to the phosphonate; and (4) 
Converting a oligonucleoside methoxyphosphite deriv- 
ative to the alkyl or aryl phosphonate derivative by. 
reaction with an alkyl or aryl iodide. It has been demon- 
strated that procedures (1) and (2) can be used to pre- 
pare oligonucleoside methylphosphonates. Others have 
shown that procedure (4) can be used to prepare a 
diribonucleoside methylphosphonate. 

. 7 Claims, 18 Drawing Figures 



U.S. Patent sep.4,1984 



Sheet 1 of 17 4,469,863 




U.S. Patent Sep. 4, 1984 Sheet 2 of 17 v 4,4(69,863 




HO H 



U.S. Patent sep. 4, 1984 



Sheet 3 of 17 



4,469,863 




U.S. Patent Sep. 4, 1984 Sheet 4 of 17 4,469,863 



1 

Hofo-^ *^ 

I 



R$OH 
OH 

Activating Agaat 



Activating Ag«nt 



RO R OH R 

FIG. 5 




U.S. Patent Sep. 4, 1984 



Sheet 5 of 17 



4,469,863 




HO 




T 



o 

no r 



O R 
RPsO 

■ 

o 




OH R 



FIG. 6 



U.S. Patent Sep. 4, 1984 



Sheet 6 of 17 



4,469,863 




U.S. Patent s ep . 4, 1m 



Sheet 7 of 17 



4,469,863 




U.S. Patent Sep. 4, 1984 



Sheet 8 of 17 4,469,863 




U.S. Patent sep.4, im 



Sheet 9 of 17 4,469*863 




U.S. Patent Sep. 4, 19*4 



Sheet 10 of 17 



4,469,863 




U.S. Patent Sep. 4, 1984 Sheet 11 of 17 



4,469,863 



pdA dAp pdA dAp dAp pdA pdA dAp dAp pdA dAp 

H 8 H 2 H 8 H 2 H, H t H 3 H5 H5H4H4 H 6 H H 2 H 2 H 2 H 2 



PCH3 



na 12a 



ill 



JLa a A. 



1 



FIG. 12b JJl JL_A A 



8.0 6.2 5.0 4.2 3.6 



All 



2.5 1.7 
X1/2 



AJMXk 



* * t - * * iii 1 1 i ■ i i ■ * ■ * 

8.2 8.0 7.8 6.2 6.0 5.0 4.4 4.2 4.0 3.62.9 .2.7 2.6 2.3 1.7 



pT Tp pT Tp Tp PT pT Tp pT TP TP pT TP,pT 

He H 6 H, Hi H 3 H 3 H 6 H 6 H4H4 H5H6 H2H2H2H2 CCH 3 PCH 3 



RG. 12c 




RG. 12d 




7.6 7.57.46.36.2 5.15.04.64.54.44.34.24.13.83.72.62.52.4 1.9 1.8 1.7 
CHEMICAL SHIFTS , p.pjiu 

The 360-MHi 'H NMR spectra of (a) 6Apk\ (b) 4ApA\ (c) tft>T\ 
and (d) dlpV at 23 °C in D,0 containing ImM 
elhylenediamineteuacetate - *0 mM sodium phosphate, pH 7.0. 
The tentative chemical shift assignments appear above each dimer. 



U.S. Patent Sep.4, 1984 Sheet 12 of 17 4,469,863 





FIG. 13 



U.S. Patent Sep. 4, 1984 sheet 14 of 17 4,469,863 




tempCc) 



FIG. 15 



U.S. Patent Sep. 4, 1984 sheet 15 of 17 4,469;863 




S R 



FIG. 16 



U.S. Patent Sep. 4, 1984 Sheet 16 of 17 4,469,863 



. 0 ' 
1. HOfOH 
CH, 



B 



OH 



2.H0CH 2 CH 2 CN 



n 

B 



Tr 



OH 



O CM 

iO 



V 



OAc 



Tr(t fb" 

_ - -J~i 



HO 



\ 



I o 

1 ^ 



TrQ 



M 



|0 



<*3 



B 



OAc 



TrQ 



B 



K 0 » 

ft 



1 



\ 0 9 CN 

7 * 3 . 



I 



d-NpN 



F/G./7 



U.S. Patent Sep. 4, 1984 Sheet 17 of 17 4,469,863 




FIG. 18 



4,469,863 

1 2 

FIG. 4 is a schematic of a process for the synthesis of 
NONIONIC NUCLEIC ACED ALKYL AND ARYL a dinucleoside alkyl or arylphosphonate; 

PHOSPHONATES AND PROCESSES FOR FIG. 5 is a schematic of a process for th synthesis of 

MANUFACTURE AND USE THEREOF a dinucleoside alkyl or arylphosphonate; 

5 FIG. 6 is a schematic of a process for the synthesis of 
This invention relates generally to biochemical and a dinucleoside alkyl or arylphosphonate; 
biological effects of nonionic nucleic acid methylphos- FIG. 7 is a schematic of a process for die synthesis of 
phonates, and more particularly to nonionic nucleic a dinucleoside alkyl or arylphosphonate; 
acid alkyl and aryl methylphosphonates and processes FIG. 8 illustrates the process for the synthesis of a 
for the manufacture and use thereof. 10 dinucleoside alkyl or arylphosphonate; 

Prior to the present invention, studies on nucleic acid FIG. 9 illustrates the process for the synthesis of a 
analogs and derivatives possessing modified internu- dinucleoside alkyl or arylphosphonate; 
cleoside linkages have made important contributions to FIG. 10 shows a process for the synthesis of a dinu- 
understanding nucleic acid conformation in solution cleoside alkyl or arylphosphonate; 
and have provided materials for various biochemical 15 FIG. 11 illustrates die process for synthesis of adinu- 
and biological studies. cleoside alkyl or arylphosphonate; 

Recent studies have been made on the physical, bio- FIG. 12 is spectral diagrams of the 360 MHZ nmr 
chemical and biological properties of one class of 'mm- spectra of (a) d-ApA)i; (b) d-ApA^; (c) d-TpTji; and 
ionic nucleic acid derivative, the oligonucleotide alkyl (d) d-TpTfe at 25* C. m EhQ containing 1 mM 
phosphotriesters. .20 etoylenedfomnetetra^ 

The physical properties of dinucleotide methyl and pH 7.0, With the tentative chemical shift assignments 
ethyl phosphotriesters have been studied by ultraviolet, appear above each dimer; 

circular dichroism, infrared and proton nuclear mag- FIG. 13 is spectral diagrams of circular dichroism 
netic resonance spectroscopy. The interaction of dedx- spectra of (a) dApA)i (— ); dApAfe ( - - - y t (b) v dApT)i 
yribooligonucleotide ethyl phosphotriesters with s& 25 (-^-), itA'pTi ( - - - ); (c) dTpA)i ( - '- ^ ), dTpA>2 {^);: 
quences complementary to the amino acid accepting and (d) dTpT in 10 mM Tris^HCl, 10 mM MgCl^ pH 
stem and anticodon region of transfer RNA have been 7.5 at 27* C; 

characterized and their inhibitory effects on in. vitro FIG. 14 is a sketch showing mixing experiment be- 
aminoacylation have been studied. More recently, the tween polyuridylic acid and dApA)i (Oj or dAj>A)2(o) 
inhibitory effect of a 2'-0-methylribooligonucIeotide 30 in lOmMTris, 10 mM MgC& pH 7.5 at & C, with the 
triester, Gy"(Et) G^CEt)!), on cellular protein syrithe- total nucleotide concentration is 1 X 10- 4 M. ^ 
sis and growth of mammalian cells in culture has been FIG. 15 is a sketch showing melting curves of poly 
reported. In addition, selective binding of an octa- U+dApA)i (O) and poly U+dApA^ (o) in 10 mM 
thymidylate ethyl phosphotriester, [Tp(Et)]7T to poly- Tris, 10 mM MgCh, pH 7.5, with, the stoichiometry of 
deoxyadenylic acid has been extensively investigated. 35 each complex is 2U:1 A and the total nucleotide concen- 

An object of this invention is to provide nonionic tration is 5X 10- 5 M; ' * ' 

nucleic acid alkyl or aryl phosphonates analogs. . FIG, 16 is molecular diagrams of the diastereoiso- 

Still another object of this invention is to teach the mere of dideoxyribonucleoside methyl phosphonates; 
preparation of nonionic nucleic acid alkyl or aryl phos- PlG. 17 is a schematic of a synthetic of this invention 
phonate analogs by several novel synthetic processes or 40 for.preparation of the oligonucleoside methyl phospho- 
methods. nate; arid 

To provide nonionic nucleic acid alkyl or aryl phosr FIQ. 18 illustrates the transport of (O) i00 pM d- 
ph nate analogs for interacting with complementary Grjt^pHJ-T and (o) 100 /iM d-Tp)s-PfI]-T into trans- 
cellular or viral nucleic acids with the objective of formed Syrian hamster fibroblasts growing in mono- 
controlling or regulatmg the function or expression of 4Mayer at 37 # ^ 
the cellular or viral nucleic acids, is still another, object 
of this invention. 

To provide a heptadeoxyribonucleoside methyl phos- 
phonate with a base sequence which is complementary The general structure of the oligonucleoside alkyl or 
to the 3'«terminus of bacterial IdS ribospnal ribonucleic- 50 aryl phosphonates are shown in FIGS, i and 2. . 
acid with objective of preventing bacterial protein syn- . FIG. 1 shows the general structure of an oKgonucleo- 
thesis, is a further object of this invention. ; side alkyl or aryl phosphonate. The nucleoside units 

Even another object of this invention is. to provide wWch consists of a base (B) comprising adenine, thy- 
alkyl and aryl phosphonate nucleic acid analogs com- mine, guanine, cytosine, uracil or hypoxanthine and a 
prising at least two nucleosides, a base, and an alkyl or 55 sugar where R' can be hydrogen, hydroxyl, O-alkyl or 
aryl phosphonate group, with the nucleosides being O-aryl or O-halogeno are linked in a 3-5' manner by a 
linked together to form alkyl or aryl phosphqnate nu- phbsphosphonate group where R can be alkyl or aryl. 
cleic acid analogs for the purpose of controlling or The configuration of the alkyl or aryl phosphonate 
regulating the function or expression of cellular or viral . group is S. 

nucleic acids. ....... ^0 pIG. 2 shows the general structure of an oligonucleo- 

side alkyl or aryl phosphonat . The nucleoside units 
BRIEF DESCRIPTION OF THE DRAWINGS whi<?h of a base (B) c mprising adenine, thy- 

FIG. 1 shows the general molecular structure if ah mine, guanine, cyt sine, uracil or hypoxanthine and a 

oligonucleoside alkyl or aryl phosphonate; sugar where R' can be hydrogen, hydroxyl, O-alkyl or 

FIG. 2 illustrates the general molecular structure f 65 O-aryl or O-nalogeno are linked in a 3'->5' manner by a 

an oligonucleoside alkyl or aryl ph sphonate; phosph sph nat group where R can be alkyl or aryl. 

FIG. 3 illustrates the molecular structure of a. hep- The configuration of the alkyl or aryl phosph nate 

tadeoxyribonucleoside methylphosphonate; group is R. 
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A specific example of an oligodeoxyribonucleoside 
methylphosphonate is shown in FIG. 3. 

In FIG. 3, there is shown the structure of a hep- 
tadeoxyribonucleoside methylphosphonate. The deox- 
yribonucleoside units which occur in the order deox- 
adenosine-deoxyguanosine-deoxyquanosine-deox- 
yad nosine-deoxyguanosine-deoxyquanosinethymidine 
ar linked in a 3'-*>5' manner by methylphosphonate 
groups. The configuraitons of the methylphosphonate 
groups are not specified. 

The following description will now be given of the 
synthesis of a particular series of oligodeoxyribonucleo- 
side methyl phosphonates and their physical properties. 

The synthetic procedure resulted in the separation of 
two diastereoisomers of each dimer analog. This syn- 
thetic scheme also allowed the preparation of analogs 
containing a 13 C-enriched phosphonate methyl group. 
The influence of backbone configuration on overall 
dimer conformation was studied by ultraviolet, circular 
dichroism and *H, l3 C and 31 P nuclear magnetic reso- 
nance techniques and the results were compared to the 
conformations of their parent dideoxyribonucleoside 
monophosphates. Furthermore, the effects of backbone 
configuration and the removal of the negative charge 
onth interaction of deoxyadenosine-containing dimers 25 
with polyuridylic acid and polythymidylic acid were 
assessed. 

Several processes or methods will now be described 
for synthesis of the various materials of this invention. 

FIG. 4 shows the synthesis of a dinucleoside alkyl or 30 
arylphosphonate. This process consists of esterification 
of a 5'-0-protected nucleoside having 3'-hydroxyl 
group with an alkyl or arylphosphonic acid in the pres- 
ence of an activating agent to form a 5'-0-protected 
nucIeoside-3'-0-alkyl or arylphosphonate. 

The latter compound is then esterified with a 3'-0- 
protected nucleoside having a 5'-hydroxyl group in the 
presence of an activating agent to form a fully protected 
dinucleoside alkyl or arylphosphonate. The protecting 
groups are then removed from the fully protected dinu- 40 
cleoside alkyl or arylphosphonate to form the dinucleo- 
sid alkyl or arylphosphonate. 

Referring now to FIG. 5, there is illustated the syn- 
thesis of a dinucleoside alkyl or arylphosphonate. This 
process consists of esterification of a 3'-0-protected 45 
nucleoside having a 5'-hydroxyl group with an alkyl or 
arylphosphonic acid in the presence of an activating 
agent to form a 3'-0-protected nucleoside-5'-0-alkyl or 
arylphosphonate. 

The latter compound is then esterified with a 5'-0- 
protected nucleoside having a 3'-hydroxyl group in the 
presence of an activating agent to form a fully protected 
dinucleoside alkyl or arylphosphonate. The protecting 
groups are then removed from the fully protected dinu- 
cleoside alkyl or arylphosphonate to form the dinucleo- 
side alkyl or arylphosphonate. 

FIG. 6 shows the synthesis of a dinucleoside alkyl or 
arylphosphonate. This process consists of esterification 
of a 5'-0-protected nucleoside having a 3'-hydroxyl 
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tected dinucleoside alkyl or arylphosphonat to form 
the dinucleoside alkyl or arylphosphonate. 

The synthesis of a dinucleoside alkyl or arylphos- 
phonate is shown in FIG. 7. This process consists in the 
esterification of a 3'-0-protected nucleoside having a 
5'-hydr xyl gr up with disubstituted alkyl or arylphos- 
phonate. The substituents (R"") can be chloride, 
imidazolide, triazolide or tetrazolide. A 3'-0-protected 
nucleoside-S'-O-monosubstituted alkyl or arylphos- 
phonate is formed in this reaction. 

This compound is then esterified with a 5'-protected 
nucleoside having a 3'-hydroxyl group to give the fully 
protected dinucleoside alkyl or arylphosphonate. The 
protecting groups are then removed from the fully pro- 
tected dinucleoside alkyl or arylphosphonate to form 
the dinucleoside alkyl or arylphosphonate. 

FIG. 8 illustrates the synthesis of a dinucleoside alkyl 
or arylphosphonate. In this process a 5'-0-protected 
nucleoside having a 3'-hydroxyl group is reacted with a 
dichloro alkyl or arylphosphine to form a S'-O- 
protected nucleoside-3'-0-monochloro alkyl or aryl- 
phosphonate. 

This compound is then reacted with a 3'-0-protected 
nucleoside having a 5'-hydroxyl group to give a fully 
protected dinucleoside alkyl or arylphosphonate. 

The latter compound is then oxidized to form a fully 
protected dinucleoside alkyl or arylphosphonate. The 
protecting groups are then removed from the fully pro- 
tected dinucleoside alkyl or arylphosphonate to give 
the dinucleoside alkyl or arylphosphonate. 

FIG. 9 shows the synthesis of a dinucleoside alkyl or 
arylphosphonate. In this process, a 3 # -0-protected nu- 
cleoside having a 5'-hydroxyl group is first reacted with 
a dichloro alkyl or arylphosphine to form a 3'-0- 
protected nucleoside-5'-0-monochloro alkyl or aryl- 
phosphonate. 

This compound is next reacted with a 5'-0-protected 
nucleoside having a 3'-hydroxyl group to give a fully 
protected dinucleoside alkyl or arylphosphinate. The 
latter compound is then oxidized to form a fully pro- 
tected dinucleoside alkyl or arylphosphonate. 

The protecting groups are then removed from the 
fully protected dinucleoside alkyl or arylphosphonate 
to give the dinucleoside alkyl or arylphosphonate. 

FIG. 10 shows the synthesis of a dinucleoside alkyl or 
arylphosphonate. In this process, a 5'-0-protected nu- 
cleoside having a 3'-hydroxyl group is first reacted with 
ethyldichlorophosphite to give a 5'-0-protected nucleo- 
side-3'-0-ethyl monochlorophosphite. 

This compound is then reacted with a 3'-0-protected 
nucleoside having a 5'-hydroxyl group to give a fully 
protected dinucleoside ethylphosphite. The latter com- 
pound is then reacted with an alkyl or aryliodide to give 
a fully protected dinucleoside alkyl or arylphosphonate. 
The protecting groups are then removed from the fully 
protected dinucleoside alkyl or arylphosphonate to give 
the dinucleoside alkyl or arylphosphonate. 

FIG. 11 shows the synthesis of a dinucleoside alkyl or 
arylphosphonate. In this process, a 3'-0-protected nu- 



group with Tdisubstituted alkyl or arylphosphonate. The 60 cleoside having a 5'-hydroxyl group is rcicted with 



substitutents (R"") can be chloride, imidazolide, triazo- 
lide or tetrazolide. 

A 5'-0-protected nucleoside-3'-0-m nosubstituted 
alkyl r arylphosphonate is formed in this reaction. This 
compound is then esterified with a 3'-protected nucleo- 
side having a 5'-hydroxyl group t give the fully pro- 
tected dinucleoside alkyl or arylphosphonate. The pro- 
tecting groups are then removed from the fully pro- 



65 



ethyldichlorophosphite to give a 3'-0-protected nucleo- 
side-5'-0-ethyl monochlor phosphite. This compound 
is reacted with a S'-O-protected nucleoside having a 
3'-hydroxyl group to give a fully pr tected dinucleoside 
ethylphosphite. The latter compound is then reacted 
with an alkyl or aryliodide t give a fully protected 
dinucleoside alkyl or arylphosphonate. The protecting 
groups are then removed from the fully protected dinu- 
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cleoside alkyl or arylph sphonate to give the dinucleo- The filtrate was cooled to 0* C. and pentan was 
side alkyl or arylphosphonate. added until the solution became cloudy. This procedure 

In previous processes (FIGS. 4 to 11), there was was repeated .until a/total yofu^ 
described several methods for joining nucleosides to added over a 4 hour p riod. After storag overnight at 
form dinucleoside alkyl or aryl phosphonates; The 5 4% the resulting white solid was removed by filtration 
chain length can be extended from at least 2 to a finite on a sintered glass filter. The solid was dissolved in 500 
number of greater than 2, for example up to 20. For ml of anhydrous ethyl ether. . . . 
rapid and efficient synthesis oligonucleoside alkyl or The solution was then filtered to remove a small 
aryl phosphonates can be joined by processes analogous amount of insoluble material. The filtrate was evapo- 
to there previously described for the preparation of 10 rated to dryness and the resulting mestilylene sulfonyl 
dinucleoside alkyl or aryl phosphonates. tetrazolide (4.46 g). was obtained in 44%. yield. The 

MST was pure: as indicated by sUica gel tic,.Rf <G&H$) 
Materials and Methods 0.11(m.p f iq?VliO? ^ 

Thymidine and 2'-deoxyadenosine were checked, fpr -^80* C. Under these storage conditions, the- MST 
purity by paper chromatography before use. 5'-Mono- IS maintained its condensing activity for at least one 
p-methoxytrityl thymidine, 5'-di-p-methoxy-trityl-N- month. 

benzoyldeoxyadenosine, 3'-0-acetylthymidine and 3'- «f rw^nTrlTArp 

0- acctyl-N-tenzoyideoxyadenosine were prepared ac- Preparation of [MeOTrjTpCE 

cording to published procedures. [MeOTrJT (10.3 g» 20 mmoles), the pyridinium salt of 

Diethyl [ 13 C}-methyl phosphonate was prepared by 20 methyl phosphoric acid (40 mmoles) and Dowexpyrir 
reaction of [ ,3 C]-methyl iodide (96% enriched) wjth dinium resin (0.5, g) were treated ^wiA dicyclohexyltcar- 
triethyl phosphate followed by vacuum dbtyiattpn of bpdiimide .(41.2 g> 2Q0 mmoles) in 100 ml of pyridine at 
the product (b.p. 64"-66V2 mm/Hg. The pyridinium 37 # C for 3 days. The resulting [MeOTr^py Itf .sulca 
salt of methyl phosphonic acid was prepared by hydro? gel tic 0.00 (EtOAc/THF 1:1), appeared to be formed 
lysis of dimethyl methylphosphonate oir diethyl [ l3 ,Cy 25 in approximately 86% .yield as determined by ;,H?l,C. 
methyl phosphonate in 4N hydrochloric acid followed The material is eliited from, the HPLC column with 
by isolation of the product as the barium salt. 37% methanolAvater. v a,,-.^;,- . ; vj : . ■ , \.j 

The barium salt was converted to. the pyridinium salt Hydracry|opitnle t (100 inl) was added to the reaction 
by passage through a Dbwex 50X pyridimuni, ion-ex- mixture, which was kept at 3.7* €.. for 2 days. Aqueous 
change column. Mesitylenesulfonyl chloride rwas 30 pyridine (200 ml) was tfien «Id^::ai)4:^.rl!9^^W 
treated with activated charcoal and recrystallized from dicyclohexylurea was, removed by filtration. The .fil- 
pentahe immediately before use. 1-H-Tetrazole was trate was evaporated, dissolved m 250 ml ethyl ace- 
then prepared. AH solvents and reagents were purified. tate and the solution extracted with 3 (250 ml) portions 
Silica gel column chromatography was performed of water. The ethyl acetate solution; was dried oyer 
using Baker 3405 silica gel (60-200 mesh). T^in layer 35 anhydrous sodium sulfate. After. filtration ^ 
silica gel chromatography and thin layer cellulose chro- tion, the mixture ytw ^ chron^tographe^ on a ^iica.gel 
matography were. done. Paper, chromatography was column (5,4x37 cm) which was >e)ut^wj^.eiJier-<ILX 
carried out on Whatmann 3 MM paper using the follow^ ethyl acetate (1.2 L) and tetr^yd^furan (1.6 L). Pure 
ing solvent systems: solvent, A, 2-propanol-cpncd.. am- [MeOTr]TpGE (7.5 g) was isolated in,55% yieldafter 
monium hydroxide-water (7:1:2 v/v); solvent C, 1M 40 precipitation from tet^ydrofiiran by addition of hex- 
ammonium acetate-95% ethanol <3i:7, v/v); solvent F, ana The monomer has Rf values of 0*32 ;(EtQAc/THF 

1- propanol-concd. ammonium hydroxide-water 1:1) and 0.66 (20% MeOH-CHCl 3 ) on silica gel tic and 
(50:10:35, v/v) or solvent 1, 2-propanbl-water (7:3, is eluted frpmi the HPLG cplumn with 54%iinethahpl/- 
v/v). f - -.' t water. The ITO.spectrum gave X rnax 26X mi, sh ,230 

High pressure liquid chromatography was performed 45 nm, X min pXjyQ, 
using columns (2.1 mmxi m) packed with DuPopt Preparation of tMeOTrjTp ^d^urn^t "- ^ 

Permaphase ODS reverse phase materia!, Linear gradi- F . 

ents (40 ml) from 0% to 75% methanol in water were [MeOTrjTpCE (2.17 g, 3.36 mmoles) was treated 
used at a flow rate of 1 ml/min. The HPLC mobility with 16.8 nil of IN sodium hydroxide in a solution con- 
refers to the percentage of methanol in water required 50 taming 126 ml of dioxane arid 25 ml of water fgr |5 ; min^ 
to elute the compound from the column. The solution was^eutraUzed by;additioa of Dowex 50X 

For reactions carried out in pyridine, the reactants pyridinium resin. After filtration, thf solution >yas : eyap- 
were dried by repeated evaporation with anhydrous orated and the^ residue was . rendered. anJiydrQus r ,hy 
pyridine and were then dissolved in anhydrous pyri- evaporation whh pyridine. The;[MeOTr^ 
dine. Unless otherwise noted, all reactions and opera- 55 2.83 mmoles) was obtained in 84% yield ^ after precipita- 
tions were performed at room temperature. tion from pyridine by addition to anhydrous ether. The 

material has Rf values of 0.00 (EtOAc/THF hi) and 
Preparation of Mesitylenesulfonyl Tetrazolide q M ^0% MeOH/CHCb) on silica gel tic. The -UV 

Although the preparation of MST has been pub- spectrum gave. X max 267 nm,sh 230 nm,X min 250 nm, 
lished, a modified procedure was used. A solution: of 60 e230/c267 1.68,,€260/e280 1.44 in 95%. ethanol.; • ■ 
1-H-tetraz le (3.36 g: 48 mmoles) in 40 ml of dry methy- The mon methoxytrityl group was removed from 70 
lene chloride containing 5.6 ml (40 mmoles) of triethyl- mg (0. 1 mmole) f d-[(MeO)Tr]Tp by treatment with 
amine was added dropwise t 40 ml of anhydrous ether 80% aque us acetic acid. The resulting Tp (874 A267 
containing mesitylenesulfonyl chloride (8.76 g, 40 units, 0.095 mmole) was isolated in 95% yield by chro- 
mm les) at room temperature. After 2 hrs, the precipi- 65 matography on a DEAE Sephadex A25 column (3x8.5 
tated triethylamm nium chloride was removed by Til- cm) using a linear gradient of ammonium bicarbonate 
tration and washed with 50 ml of methylene chloride- (0.01M to 0,20M, 500 ml). The monomer has the follow- 
ethyl ether (11 v/v) ing Rf values on cellulose TLQ0.41 (solvent A), 0.77 
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(solvent C) and 0.69 (solvent F). The UV spectrum showed X max 280 nm and 233 nm, X min 255 nm and 

gav X max 267 nm, X min 235 nm in water pH 7.0. The 225 nm 6233A280 1.37, c260/c280 0.67 in 95% ethanol 

pmi ipectrum was consistent with the structur f the Th protecting groups were removed from a small 

monomer. sampl of d-[(MeO>2Tr]bzAp (80 mg, 0.1 mmole) by 

_ 5 sequential treatment with concentrated ammonium hy- 

Preparation of TpCE droxide in pyridine and 80% acetic acid. The monomer 

[MeOTrJTpCE (3.26 g, 5.04 mmoles) dissolved in 20 dAp (1400 A260 units, 0.09 mmole) was isolated by chro- 

ml of methanol was treated with 80 ml of 80% acetic matography on a DEAE Sephadex A-25 column 

acid solution for 5 hr. at 37* C. The solvents were re- (3X8.5 cm) using a linear gradient of ammonium bicar- 

moved by evaporation and the residue was evaporated 10 bonate (0.01 to 0.2M, 600 ml). The monomer has the 

repeatedly with 50% toluenetetrahydrofuran to remove following Rf values on cellulose TLQ0.45 (solvent A), 

the acetic acid. TpCE (1.80 g, 4.8 mmoles) was obtained 0.56 (solvent C) 0.67 (solvent F) and 0.44 (solvent I), 

in 96% yield after precipitation from tetrahydrofuran The UV spectrum showed X max 259 nm, X min 227 nm 

(10 ml) by addition of hexane (200 ml). The material has 260/280 6.13, in water pH 7.0. The pmr spectrum was 

Rf values of 0.08 (EtOAc/THF, 1:1) and 0.16 (15% 15 consistent with the structure of the monomer. 

MeOH/CHCb) on silica gel tic. The UV spectrum gave p«.„* M *;„„ «r a k, a «tt? 

X max 265 nm, X min 233 nm, €260A280 1.61 in absolute Preparation of d-bzApCE 

cthan 1. A solution of d-[(MeO)2Tr]bzApCE (1.58 g, 2 

ivw _^ _ mmoles) in 6.3 ml of methanol was treated with 25 ml of 

Preparation of d-RMeOfeTrlbzApCE ^ m% acid for L5 ^ The solvents were evapo- 

A solution containing d-[MeO)2Tr]bzA (10.5 g; 16 rated and the residue was repeatedly evaporated with 
mmoles), methyl phosphonic acid (32 mmoles) and toluene and tetrahydrofuran to remove acetic acid. The 
Dowex 50X pyridinium resin (0.5 g) in 80 ml of anhy- residue was precipitated from 20 ml of tetrahydrofuran 
drous pyridine was treated with dicyclohexylcarbodi- by dropwise addition to 250 ml of hexane to give 0.95 g 
imid (25 g; 121 mmoles) for 3 days at 37* C. Examina- 25 (1.95 mmoles) of d-bzApCE in 98% yield. The material 
tion of the reaction mixture by HPLC showed essen- has Rf values of 0.09 (THF) and 0.25 (20% 
tially quantitative conversion of d-[(MeO)2Tr]bzA to MeOH/CHCb) on silica gel TLC and is eluted from the 
d-[(MeO)2Tr]brAp, which has HPLC retention time of HPLC column with 12% methanol/water. The UV 
22.8 min. The reaction mixture was treated with 80 ml spectrum shows X max 280 nm, sh 233 nm, X min 247 nm 
of hydracrylonitrile for 2 days at 37* C 30 e233/c280 0.65 c260/c280 0.60, in 95% ethanol. 

JIZSttEBSSSSESZ £ : »»— <»— * *** 

solution was extracted with three (200 ml) portions of The general procedure for the preparation of pro- 
water. The ethyl acetate solution was dried over anhy- tec ted dinucleoside methyl phosphonates is given in this 
drous sodium sulfate, concentrated to 50 ml and chro- 35 section. Table 1 shows the specific reaction conditions 
matographed on a silica gel column (5.4x37 cm). and yields for each dimer. The protected nucleoside 

The column was eluted with ether (1.5 L), ethyl ace- 3'-methyl phosphonate and protected nucleoside or 
Ute (1.5 L) and tetrahydrofuran (1.5 L). The resulting nucleoside 3'-methyl phosphonate cyanoethyl ester 
d-[(MeOhTr]bzApCE weighed 5.4 g (6.84 mmoles, were dried by evaporation with anhydrous pyridine. 
43%) after precipitation from tetrahydrofuran (100 ml) 40 The condensing agent was added and the reactants 
with hexane (500 ml). The material elutes from the were taken up in anhydrous pyridine to give a 0.2M 
HPLC column with 68% methanol/water, and has solution. After completion of the reaction as indicated 
silica gel TLC Rf values of 0.13 (EtOAc/THF, 1:1 v/v) by TLC and/or HPLC, an equal volume of water was 
and 0.27 (THF)- The UV spectrum shows X max 279 nm added and the solution was kept at room temperature 
and 234 nm, X min 258 nm and 223 nm; e*234/€279 1.44, 45 for 30 min. The solvents were then evaporated and the 
C260A280 0.67, in 95% ethanol. residue dissolved in ethyl acetate or chloroform. The 

organic solution was extracted with water and then 
Preparation of d-[(MeO)2Tr]bzAp dricd ovcr anhydrous sodium sulfate. After concentra- 

A solution containing d-[(MeO)2Tr]bzApCE (3.79 g, tion, the organic solution was applied to a silica get 
4.8 mmoles) in 180 ml ofdioxane and 36 ml of water was 50 column (3x28 cm for a 1 mmole scale reaction). The 
treated with 24 ml of IN sodium hydroxide for 7 min. column was eluted with ethyl acetate, ethyl acetate/tet- 
The solution was neutralized with Dowex 50X pyridin- rahydrofuran (1:1 v/v) and tetrahydrofuran. The 
ium resin and then was passed through a Dowex 50X progress of the elution was monitored by silica get 
pyridinium ion exchange column (3x30 cm). The elu- TLC. Dimers terminating with a 3'-acetyl group sepa- 
ate was evaporated and the residue was rendered anhy- 55 rated into their individual diastereoisomers on the col- 
drous by evaporation with pyridine. The resulting d- umn and were eluted as pure isomer 1, a mixture of 
[(MeO)2Tr]bzAp (2.9 g; 3.56 mmoles) was obtained in isomer 1 and 2 and pure isomer 2. The dimers were 
74% yield after precipitation from anhydrous ether. isolated as white solids, by precipitation from tetrahy- 
The material has Rf values of 0.00 (THF) and 0.36 (50% drofuran solution upon addition of hexane. The Rf val- 
MeOH/CHCb) on silica gel tic. The UV spectrum 60 ues on silica get tic, the mobilities on the HPLC column 

and the ultraviolet spectral characteristics of the pro- 
tected dimers are given in Table 2. 

TABLE 1 

Preparation of Protected Didcoxyribonucleosidc Methyl Phosphonates 
Condensing Agent^* Reaction Dimcr 
Monomers (mmole) (mmole) Time (mmole) Yield 

d-[(MeO)TrJTp (0.20) DCC 3 days d-[(MeO)Tr]TpTOAc 16% 



4,469,863 



10 



TABLE 1 -continued 



Preparation of Protected Dideoxyribonucleoride Methyl Phosphorates 
Condensing Agent**) Reaction Dimer 
Monomers (mmole) (mmoSe) Time (mmole) 



Yield 



+ d-TOAc 


(0.22) . 


(0.73) 


37' C 


(0.031) 




d-[(MeO)TrFP 


(2.40) 


MST 


3hrs. 


d-I(MeOyrrlTpTpCE 


55% 


+ d-TpCE 


(3.60) 


(9.60) 


r.t 


(132) 




d-[(MeO)zTrJbzAp 


(t.26) 


Tpsa 


4 days 


d-[(MeO)2TrIbzApbzAOAc 


39% 


+ d-bzAOAc 


(1.50) 


(2.0) 


37* C 


(0.50) 




d-I(MeO)2Tr]bzA- 
[lJq— p + d-bzAOAc 


«X70) 
(105) 


MST 
(2.8) 


4hrs. 
r.L 


d4(MeO)2TrIh2A-l l3 q-pbzAOAc 
(029) - 


41% 


d-[(MeO)2TrlbzAp 


(Q.85) 


MST 


6hrs. 


d-((MeO)2TrIbzApbzApCE 


46% 


+ d-bzApCE 


(1.28) 


(4.0) 


r.t 


(0.39) 




d-KMeWrTTp 


(1.0) 


TPsa 


16 his. 


d-[(MeO)trJTpbzAOAc 


35% 


+ d-bzAOAc 


(1.0) 


(3-0) 


3rc 


(<X33) 




d-{(MeO)2Tr]bzAp 


(to) 


Tpsa 


46hrs. 


d-[(MeOhTr]bzApTOAc . 


38% 


+ d-TOAc 


(13) 


(13) 


37* C : 


(0.38) 





<«>DCC - cttcycIob«ykartxKlamidc 

TPSO — tnla^ropytbcnrcncwlfonyl chloride '• *' 

MST — tnesityteaesalfoayl tetrazoHde 

The base labile protecting groups were removed 
from the dimers by treatment with 50% concentrated 
ammonium hydroxidepyridine solution for 3 days at 4* 
C. Alternatively, the N-benzoyl protecting groups of 
dimers containing deoxyadenosine could be removed 
by treatment with 85% hydrazine hydrate in 20% acetic 
acid-pyridine buffer overnight at room temperature 
(Letsinger et al., 1968). This treatment also partially 
removed the 3'rO-acetyl group. The acetyl group was 
completely removed by . further treatment with, 50% 
concentrated ammonium hydroxide-pyridine solution 



20 



25 



ate solution. The dimers were stored as standard solu- 
tions in 50% ethanol at 0" C, and were found to be 
complete stable under these conditions for- at least 9 
months. For physical and nmr studies, aliquots contain- 
ing the required amount of dimer, were evaporated to 
remove the ethanol and then lyophilized from water or 
D2O before us& The Rf values and UV spectral charac- 
teristics of the dimers are given in Table 3. The pmr 
spectra and tentative chemical shift assignments of the 
twodiastereoisomers of d-ApA and d-TpT are shown 
inFIQ.12. 

TABLE2 



Chromatographic Mobilities and' Ultraviolet Spectral Properties 
of Protected Didcx»yribohucleostee Methyl Phosphorates 
Mobility (Rfj Sflfca Gel rfPLC 

TLC< fl ) Mobility^) 
15% MeOH/ 



Dimer 


THF CHCI3 


CHCI3 


water) 


X max (nm) \mm(nm) 




d-KMeOyrrlTpTOAc 


a44 


a63 

0,53 






: 267sh235 


246 




d4(McO)TrjrpTpCe 






a28 

(X22 




265sh235 






d-((MeO)2Tr]bzApbzAOAc 


A:0.34 
029 




0:51 
043 


68% 


281sh233 


256 ; 




d-[CMeOhTrlbzApbzApCE 


OP?. 


0.32 
tt28' 


0,39 
(X35 : 




281sh230 


256 


-»r« 


d-[(MeO)Tr]TpbzAOAc 


0.47. 


0.24 
0.19 


059 , 


62% 


276£30, 
sh260 


247^27 




d^eOfcTrJtttApTOAc 


0,49 
0;4l 




052^ 
0,48 


66% 


277;23V 
sh263 


255,227 





<*>Two Rf values refer to the mobilities of the individual c 
^Ultraviolet spectra were measured In 95% etbaool at to ... 
'^Percentage of methanol in water required to elate com p o un d from HPLC colamn (DuFcmt Pbennaphase ODS) 



for 2 hours at 4* C After complete removal of solvents, 55 
the trityl protecting groups were removed by treatment 
with 80% acetic acid-methanol (8:2 v/v) solution at 
room temperature. The solvents were then removed 
and the dimers were chromatographed ph VV^atmarin 3 
MM paper using solvent A. The dimers were eiuted 60 
from the paper with 50% aqueous ethanol. For dimers 
terminating with 3'-OH groups, the ethanol solutions 
were passed through small (0.5 X 1 cm) DEAD cellu- 
lose columns to remove trace impurities eiuted from the 
paper chroraatogram. 

Dimers terminating with 3'-methyl phosphonate 
groups were absorbed to small DEAE cellulose col- 
umns and then eiuted with 0.5M amm nium bicarbbn- 



TABLE 3 



Chromatographic Mobilities and Ultraviolet Spectral 
Properties of Dideoxyribonucleoaide Methyl Phosphorates 

Ultraviolet Spectral 
Mobility Paper Properties^ 
Chromatography <260 



65 



Dimer - Rf(A) RflC) Mf*) Xmax(nm) Xmin(nm) <280 

d-TpT — 

d-ApA — 

d-ApAp 0.30 

d-TpA 0.42 

d-ApT 0.33 



0.67 


a73 


267 


234 


1.91 


. a48 


0.62 


258 


223 


6.65 




0.38 


258 


227 


4.52 


0.57 


0.63 


262 


230 


180 


a55 


0.61 


261 


233 


3.22 
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The fully pr tected dimers were readily purified by 
silica gel column chromatography. For dimers termi- 
nating with 3'-0-acetyl groups, the two diastereoiso- 
mers were sufficiently separated on the silica gel col- 
umn that fractions containing each pure diastereoisomer 
wer obtained. These isomers were designated isomer 1 
and isomer 2 in reference to their order of elution fr m 
the column. The diastereoisomers were generally 
formed in a 4:6 ratio of isomer 1 to isomer 2. 
10 Alternatively, the diastereoisomers could be obtained 



TABLE 4 


Hypochroraicity of Dideoxyadenosine Methyl Phosphooate 
Analogs 


Compound 


c(moUr)<*) 


% Hypochroraicity 


dpA 
d-ApA 
(d-ApA)i 
(d.ApAh 
(d-ApAp)i 
(d-ApAph 


15.3 X 10 3 
117 X 10 3 
13.7 X 10 3 
14.3 X 10 3 
13.0 X 10 3 
13.3 X 10 3 


17% 
11.0% 

7.1% 
13.3% 
11.3% 



<*>Me»Mired in i mM Trb hq pH 7.4 at 2V c in pure form by thick layer chromatography on silica 

gel plates. The dimers terminating in a 3'-O-0-cyano- 
Similar pmr spectra were obtained for d-ApT and ethyl methyl phosphosphonate group (7) consists of 
d-TpA (data not shown). The spectra are consistent four diastereoisomers, although only two separate 
with the structures of the dimers. The complete charac- 15 bands were observed on silica gel thin layer chromatog- 
terization of all these dimers by pmr spectroscopy will raphy (see Table 2). For the deoxyadenosine-containing 
be described in a subsequent paper (Kan et al., manu- dimer, these two bands turned out to the two isomers 
script in preparation). with opposite configuration (axial and equatorial, see 

. ._ « , t j FIG. 16) about the methyl phosphonyl internucleoside 
Physical Studies and Interaction with Polynucleotides ^ linkage / 

Ultraviolet and circular dichroism spectra were re- Removal of the protecting groups from 6 and 7 was 
corded respectively on a Cary 15 spectrophotometer accomplished by sequential treatment with concen- 
and a Cary 60 spectropolarimeter with CD attachment. trated ammonium hydroxide in pyridine for 3 days at 4* 
The continuous variation experiments, melting experi- C. followed by treatment with 80% acetic acid. In the 
ments and circular dichroism experiments were carried 25 case of the dideoxyadenosine methyl phosphonates, 
out as previously described. The molar extinction coef- some hydrolysis of the phosphonate linkage was noted 
ficient of poly U is 9.2X 10 3 (265 nm) and poly dT is when the ammonium hydroxide treatment was carried 
8.52X 105(264 nm). The molar extinction coefficients of out at room temperature. However, the hydrolysis was 
th dideoxyadenosine methyl phosphonates were deter- suppressed at low temperature. Alternatively, the N- 
min d by comparing the absorption of a solution of the 30 benzoyl protecting groups of these dimers could be 
dimer at pH 7.4 with the absorption of the same solution removed by treatment with hydrazine hydrate. The 
at pH 1.0. The dimer extinction coefficient was then dimers were then purified by paper chromatography, 
calculated from the observed hyperchromicity of the The individual diastereoisomers of each deprotected 
dimer at pHI.O using an extinction coefficient for deox- dimer had the same chromatographic mobilities on 
yadenosine at pH 1 .0 of 14. 1 X 10 3 . 35 paper chromatography in all solvent systems tested (See 

Table 3). 

Preparation of Dinucleoside Methyl Phosphonates _ 

Ultraviolet and Hypochromicity Measurements 
. The synthetic route used to prepare the dinucleoside w . * ^ 

methyl phosphonates has previously been described. The ultraviolet spectral properties of the dinucleoside 
y-Mono-p-methoxytrityl thymidine and 5'-di-p- 40 methyl phosphonates are recorded in Table 3. j Qua™*; 
methoxytrityl-N-benzoyl deoxyadenosine were con- tively, the spectra are similar to those of (3 -5 >Iuj*ed 
verted to the corresponding 3'-methyl phophonate 0- dinucleoside monophosphates. The spectra of the uidi- 
cyanoethyl esters (2) by sequential reaction of (1) with vidual diastereoisomers are qualitatively similar to each 
methyl phosphonic acid and /J-cyanoethanol in the other, 

presence of dicyclohexylcarb«liimide. 45 Hypochromicity measurements for the dtdeox- 

The preparation of nucleoside 5'-methyl phospho- yadenosine methyl phosphonates were earned out in 
nates by reaction of a suitably protected nucleoside with water at pH 7.4 and are shown in Table 4. The percent 
methyl phosphonic acid has been previously known. hypochromicity of the methyl phosphonate dimers is 
Direct conversion of the protected nucleoside-3'- from 4% to 10% lower than the percent hypo- 
methyl phosphonate to its 0-cyanoethyl ester allows 50 chromicity of d-ApA. Each diastereoisomer has an 
purification of this intermediate on a large scale by silica unique molar extinction coefficient. The hypo- 
gel column chromatography, thus avoiding the use of chromicity of isomer 1, the isomer eluted first from the 
ion exchange chromatography. They trityl or £-cyano- silica gel column, is greater that that of isomer 2, reflect- 
ethyl protecting groups can be selectively removed ing differences in the extent of base-base overlap in 
from 2 by treatment with either 80% acetic acid or 0. IN 55 these dimers. 

sodium hydroxide solution, respectively, at room tem- Circular Dichroism Spectra 

^Protected nucleoside-3'-methyl phosphonate (4) was Differences in the extent and mode of base stacking 
condensed with either 3'-0-acetyl thymidine or 3'-0- interactions are observed for individual diastweoiso- 
acetyl-N-benzoyldeoxyadenosine to give fully pro- 60 mers within a given dimer sequence as reflectedl by the 
tected dinucleoside methyl phosphonate 6. Alterna- CD spectra of the dimers. The profile of the CD spec- 
tively 4 was condensed with the j3-cyanoethyl ester of trum of d-ApA)i (FIG. 13a) is qualitatively similar to 
thymidine-3'-methyl phosphonate or N-benz yldeox- that of the parent dinucleoside monophosphate, d-ApA 
yadenosine-3'-methyl phosphonate to give 7. Th c n- (Miller et al., 1971). However, the magnitudes of the 
densing agents used in these reactions were dicyclohex- 65 molecular ellipticity (0) at 267 nm and 270 nm of d- 
ylcarbodiimide, triisopropylbenzenesulfonyl chloride ApA)i are approximately one-half of those found for 
r mesitylenesulfonyl tetrazolide. The reaction condi- d-ApA. A very dramatic difference in the CD spectrum 
tions and yields are given in Table 1. of d-A P A) 2 is observed. Only negative [6] is found at 



d-ApA 


7.0 


' 92 


(d-ApA)i 


15.4 


. 18.7 


(d-ApAh 


19.8 


18.4 


(d-ApAp)! 


13.5 




: (drApAph 


17.4 
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250 nm and the amplitude f the molecular ellipticity is singly-charged d-ApAp from complexes with Tm val- 

apprt .ornately three-fold less than that of d-ApA)i. ues 6.5* and 10.4 s higher than d-Apa-poly U. Similarly, 

Similar results were observed for d-ApAp)i and d- the complexes formed between d-ApA and poly (dT) 

ApAp>2 (data not shown). each melt approximately 10* higher than the d-ApA- 

In thecaseofd-ApT(FIG. 13b) 9 th profiles of th 5 poly(dt) complex. 

CD spectra of both isomers 1 and 2 are qualitatively TABLE 5 

similar to that of d-ApT (Cantor et al. f 1970). However, ■ : ■ r— 1 — 

the magnitude of the ellipticity of the peak (272 nm) and °! ^ 0 ™ plc f , • 

i_ t*** v - A , ,. , . , r A , . i t. Dideoxyadenosine Methyl Phosphonate Analogs and 

trough (253 nm) of the dinucleoside methyl phospho- : Poivuridvlic Addor Polv&vinidvlic Acid : 

nate are less than those in the dinucleoside monophos- 10 complex** Tm *c (poly U)<*) Tm *c (poiy rfT) 
phate. For d-ApTu the peak is reduced 1.8-fold and the 
trough is reduced 1.3-fold compared to d-ApT while 
for d-ApTh the reductions are 8.1 and 5.0-fold. 
The CD spectra of d-TpA)i and d-TpAfc (FIG. 13c) 

show differences in both the magnitude of the molecu- 15 

lar ellipticity and in the position of the positive and Wcompfei rto*chiometry:2u : iAor2T : iA 

negative bands. Isomer 2 has a CD spectrum which is iQ%Mjs&* a 

virtually identical to that observed for d-TpApf (Cantor P H7.s 
et al. f 1970). Isomer 1, on the other hand, has a lower 

magnitude of the (fi) value, while the positions of the 20 . « , 

peak and trough are shifted to shorter wavelengths. uiscussion 

The CD results for dApT)i andiand dTpA)i Wjare Dinucleoside methyl phosphonates are novel nucleic 
qualitatively similar to those obtained by others on the acid analogs in which die phosphodiester internucleo- 
CD spectra of the separated disastereoisomers of the side linkage is replaced by a 3'-5' linked internucleoside 
dinucleoside ethyl phosphdtriesters, dAp(Et)T and 25 methyl phosphonyl group. Unlike the dinucleoside 
dTp(Et)A. In the case of these triesters, one isomer has methylene : phosphonates prepared by others, ; the 
a spectrum which is almost identical to that of the cor- methyl phosphonate analogs do not contain a>: hega- 
responding dinucleoside monophosphate. The other tively charged backbone and are nonionic molecules at 
isomer shows significant reductions in the magnitudes pH 7. The methyl phosphonate group is isosteric with 
f both the positive and negative CD absorbtioh bands. 30 respect to the phosphate group of dinucleoside mono- 
It is not possible at this time to make detailed compari- phosphates. Thus, these analogs should present minim al 
sons between the present results and those on the triest- steric restrictions to interaction with complementary 
ers, since the absolute configurations of the modified polynucleotides or single-stranded regions of nucleic 
phosphate groups in the triesters are not known. acid molecules. Since the methyl phosphonyl group is 

FIG. IZd shows the CD spectrum of a 1:1 mixture of 35 not found in naturally occuring nucleic acid molecules, 

the diastereoisomers of d-TpT. The spectrum of this this internucleoside linkage may be resistant to hydroly- 

mixture is clearly different than the spectrum of d-TpT sis by various nuclease and esterase activities, and this 

(Cantor et al., 1970). For d-TpT positive (0) occurs^t has in fact been observed (Miller, unpublished data). 

280 nm with a magnitude approximately 1.8-fbld These properties make analogs of this type potentially 

greater than the 275 nm band of d-TpT. Similarly, 40 useful as vehicles for exploring the interactions of se- 

d-TpT shows negative (6) at 250 nm which is approxi- lected oligonucleotide sequences with nucleic acids and 

mately 1.8-fold greater than the negative band at 245 nucleic acid-related enzymes, withm me Uvmg ciell 

nmmd-Tpf. (Miller et al;, 1977). 

^ : i The preparation of the oligdnucleoside methyl phos- 

Interaction of Dideoxyadenosine Methyl Phosphonates 45 p h onates follows the basic strategy; used for the prepa- 

with Poly (U) and Poly (dT) ■. t / of p rotcctC (i bhgonucleotide phosphotriesters, 

Both diastereoisomers of d-ApA form complexes The synthetic scheme which lias been adopted first 

with poly U at 0* C. The mixing curves for d-ApAi land involves preparation of a protected nucleoside 3'- 

d-ApAfe with poly U (FIG. 14) show that complex methyl phosphonate j8-cyanoethyl ester (FIG. 17). This 

formation occurs with a base stoichiometry of 2U:1A. 50 two-step preparation can be carried out in a one-flask 

Similar raults were obtained for the interaction of d- reaction and proceeds in high overall yield. Since the 

ApAp)i and d-ApApfc with poly U and for the interac- product is readily purified by silica gel column chroma- 

tion of d-ApA with poly (dT). tography^ multigram quantities of this key intermediate 

As shown in FIG. 15, the methyl phosphonate- can: be prepared. By selective removal of the 5'-trityl 

polynucleotide complexes exhibit a cooperative thermal 55 group or the 0-cyanoethyl group, chain extension can 

transition with a well-defined melting temperature. The proceed in either direction. Thus, compound 2 in FIG. 

melting temperature of the d-ApA)i-poly U complex is 17 serves as a basic building block for the preparation of 

4.4* higher than the d-ApA)2-poly U complex. A similar longer oligomers. This type Of synthetic scheme was 

difference in melting temperatures for the d-ApAp-poly originally developed by others for the preparation of 

U complexes was also observed (Table 5). Essentially 60 oligonucloetide 0#3-trichloroethyl phosphotriesters 

ho difference is bserved between the Tm values of the and has more recently been used by others for the pirep- 

two d-ApA-poly(dT) complexes, however. aration of oligonucleotide p-chlorophenyl ph sphotri- 

Significant increases are observed in the thermal sta- esters. This procedure also all ws the preparation f 

bilities f the dinucleoside methyl phosphonate-p lynu- specifically [ 13 C]enriched dimers by use of [^CJ-methyl 

cleotide complexes as compared to similar complexes 65 phosphonic acid in the synthesis of 1. Dimers and oligo- 

formed between d-ApA and poly U or poly dT. Th mers containing [l 3 C]-methyl phosphonate groups 

non-i nic d-Apa f rms complexes with Tm values 8.4° c uld be very useful for probing the physical and bio- 

and 12 4° higher that that of d-Apa-poly U, while the logical properties of oligonucleoside methyl phospho- 
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nates by nuclear magnetic resonance spectroscopic each diastereoisomer for the methyl phosph natedimer 
techniques (Cheng et al., manuscript in preparation). sequences d-ApA, d-ApAp, d-ApT and d-TpA suggest 

Ir the present study (FIG. 17), the -cyanoethyl group that each diastereoisomer has an unique stacking mode 
was r moved from 1 and chain extension was continued in solution. The profiles of the CD spectra of d-ApA)i 
in the 3'-directi n. Two types of condensati n reactions 5 and d-ApAp)i are very similar to those of d-Apa and 
wer carried out: (1) condensation with a 3'-0- r-ApA, and differ only in the magnitude of the molecu- 
acetylated nucleoside to give dimers with the general lar ellipticity. This result and the results of the hypo- 
structure 6 and (2) condensation with a -ucleoside 3'- chromicity measurements suggest that the stacking 
m thyl phosphonate 0-cyanoethyl ester to give dimers modes of the bases in these dimers are similar to those of 
with general structure 7. The latter type of dimer can be 10 d-ApA and r-ApA. On the other hand, the profiles of 
further extended by removal of the 0-cyanoethyl group the DC spectra of d-ApA) 2 and d-ApAph are quite 
followed by condensation with other oligonucleoside different. The magnitudes of the molecular elhpticities 
methyl phosphonate blocks. In this way, oligonucleo- of dApA)i and dApAph are greatly diminished, with 
side m thyl phosphonates containing up to four deox- complete loss of [0] at 270 nm. Since the hypo- 
yad nosine residues and up to nine thymidine residues 15 chromicity measurements suggest that the bases in these 
have been prepared. dimers have substantial overlap, the mode of stacking in 

Different condensing agents were used in these reac- these dimers must be quite different from that found for 
tions, including dicyclohexylcarbodiimide (DCC), isomer 1 or for d-ApA. The magnitude of the molecular 
triisopropylbenzenesulfonyl chloride (TPSC1) and ellipticity in dimers of this type is sensitive to the angle, 
mesitylenesulfonyl tetrazolide (MST). The order of 20 $ f between the transition dipolesofthe bases. The value 
condensing efficiency was found to be of the molecular ellipticity is greatest when 0 is 45* and 
MST>TPSC1>DCC. Although DCC did bring about diminishes to 0 when 0 is 0\ 90' or 180*. Thus, the most 
condensation, several days at elevated temperatures reasonable interpretation of the CD results is that in 
were required and the yields were quite low. Consider- d-ApA)j and d-ApAp)j, the bases tend to orient in an 
able improvement in reaction yield was obtained when 25 oblique manner, while in d-ApA^ and d-ApApfc, the 
TPSC1 was used. However, again prolonged reaction bases tend to orient in a parallel or perpendicular man- 
periods were required and noticeable buildup of side ner. This interpretation is supported by the base-base 
products was observed. The reagent of choice for these stacking patterns as determined by pmr spectroscopy, 
reactions in MST. The reaction occurs within a period The substantial change in the CD profile of d-ApAfc 
of several hours, with little or no side products. The 30 rather than a simple diminution of the amplitude of the 
efficiency of a particular condensing agent depends not [6] values suggests that variation of the population of 
only upon its structure but also upon the nature of the right-handed versus left-handed stacks would not pro- 
phosphorous-containing substituent which is activated. vide an adequate explanation of the CD results. 
Thus, when MST was used as a condensing agent, we The CD spectra of d-ApT isomers 1 and 2 have the 
observ d that reactions involving nucleoside 3'-methyl 35 same shape as the CD spectrum of d-ApT, but with 
phosphonates or nucleoside 3'-ethyl phosphates usually diminished molecular ellipticity. For d-TpA, the spec- 
proceed in lower yield than those involving nucleoside trum of isomer 2 is identical to that of d-TpAp, while 
3'-p<hlorophenyl phosphates. the spectrum of isomer 1 shows diminished [$] values of 

Th ability to separate the individual diastereoiso- the peak and trough regions. Thus, the stacking] modes 
mers of each dimer sequence allowed examination of 40 in these methyl phosphonate dimers are expected to be 
effect of the configuration of the phosphonyl methyl basically similar to the stacking modes of the parent 
group on the overall dimer conformation. As shown in dinucleoside monophosphates, but with perhaps differ- 
FIG. 16, the isomers differ in configuration at the inter- ent degrees of base-base overlap or different popula- 
nucleoside linkage with the methyl group assuming tions of right- and left-handed stacks, 
eith r a pseudo-axial or pseudoequitorial position when 45 The dimer, d-ApA, forms stable complexes with both 
the dimers are drawn in a stacked conformation. The polyribo- and polydeoxyribonucleotides. These poly U 
uniqu conformational properties of each diastereoiso- and poly dT complexes have greater stability than sum- 
mer of d-ApA and d-ApAp are most readily seen by lar complexes formed by the parent dinucleoside mono- 
examining the percent hypochromicity of each diastere- phosphate, d-ApA. Similar observations have previ- 
oisom r (Table 4). Isomer 1 of both d-ApA and d-ApAp 50 ously been made for triple helix formation ^between the 

xhibits a greater percent hypochromicity than does alkyl phosphotriesters d-Ap(Me)A or d-Ap(Et)A and 
isomer 2 of this series. Since the percent hypo- poly U, for duplex formation between oligonucleotide 
chromicity is related to the extent of base-base overlap triesters and tRNA and for helical duplex formation 
in dimers of this type (Ts'o, 1974), the result suggests between the octathymidylate ethyl phosphotnester, 
that d-ApA)i and d-ApAp), and more highly stacked in 55 d-fTr^OhT,; and poly dA. V^^^S^ 
solution than are d-ApAfc and d-Ap Ap) 2 . Comparison ever, that d-[Tp(Et)]7T, m contrast to d-Ap A, exhibits 
of the percent hypochromicities of the methyl phospho- selective binding to polydeoxyribonucleotides versus 
nate dimers with that of d-Ap A shows that these dimers polyribonucleotides in duplex formation, 
are less stacked than the parent dinucleoside monophos- Previous analyses indicate that the increased stability 
phate A similar result was observed for the methyl and 60 of the complexes formed between nonionic oligomers 
ethyl phosphotriesters of d-ApA. Thus, non-ionic and complementary polynucleotides results from the 
methyl or ethyl phosphotriester or methyl phosph nate reduction in charge repulsion between the nonionic 
int nucleoside linkages appear to perturb the stacking backbone of the oligomer and the negatively charged 
interactions between the bases in these dimers. sugar-phosphate backbone of the polynucleotide. Al- 

The circular dichroism spectra of dinucleoside mono- 65 though both d-ApAp and d-ApA possess a f rmalnega- 
phosphates are indicators of both the extent and mode tive charge, the d-ApAp.poly U complexes are more 
of base stacking, as well as the population of right- stable than the d-ApA.p ly U complex. The 3 -terminal 
handed versus left-handed stacks. The CD spectra of methyl phosphonate group of dApAp is free to rotate 
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away from the negatively charged phosphate backbone esters as probes and regulators of nucleic acid function 
of poly U without disrupting the base-pairing and base- within living cells, 
stacking interactions in the complex. In contrast, repul- ■ 4 , 

sion between the negative charge of the phosphodiester Nomomc Nucleic Acid Alkyl and Aryl 

linkag ind-ApAandth polymer backbone directly 5 Methylphosphonates 
opposes base-pairing and stacking. Thus, the presence There will now be described the synthesis of a series 
of a negative charge at the internucleptide linkage con- of oligonubleoside methylphosphonates whose base 
tributes much more effectively to the charge repulsion sequences are complementary to the anticodon loops of 
effect between the dimers and polynucleotides. tRNA^ and to the — ACCAOH amino acid accepting 

Under the conditions of the present experiments, the 10 stem of tRNA. The effects of these analogues on cell- 
Tm values of d-Ap(Me)A.poly U and d-Ap(Et)A.poly free aminoacylation and cell-free protein synthesis will 
U are 13* C. and 12' C. respectively. These Tm values be considered. The uptake of selected analogues by 
are lower than those of d-ApA and d-ApAp complexes mammalian cells in culture and the effects of these com- 
with poly U. These results suggest that the increasing pounds in bacterial and mammalian cell growth are also 
size of the methyl and ethyl side chains in the phospho* IS discussed: 

tries ter dimers may provide a greater steric hindrance . - 

to complex formation. The methyl group of the phos- Materials 
phonate dimers should be only slightly larger in size Nucleosides were checked for 'purity by 'paper chrb- 
than the oxygen of the phosphate groups and thus matography before use. N-Beiizoyldebxyadenosme, 
would be expected to have the least steric effect.' A 20 N-isobutyryldeoxyguanosine, their S'-O-dimethoxytri- 
similar phenonenoh has been observed when the stabili- tyl derivatives and 5'-0-monomethoxytrityl thymidine 
ties of poly U complexes with the ethyl phosphotriester were prepared according to published procedures, d- 
and methyl phosphonate analogs of d-ApApApA; are [(NleojteTrjbzApbzApCB, d-[(MeohTr]teApbzAOAC, 
compared. ^-[(Meo)TrlTptpCE»d-ApT f d^Ap-PH]-T f d-TpT arid 

The differences in the conformations of the individual 25 d-TpkpHJT were also synthesized by standard proce- 
diastereoisbmers of d-ApA and d-ApAp are reflected in tfurei 7 . ^ 

their interactions with poly U. For each dihier, the ' Dimethylmethylphosphonate and benzenesulfonic 
diastereoisomer with greater base-base overlap (isomer acid were used without further purification. Hydra- 
1) forms a complex of lower stability with poly U. In a crylonitrite was dried over 4 A molecular sieves. Me- 
previous analysis of the influence of C-2' substituents of 30 thylphosphonic acid dipyridinium salt and mesitylene- 
adenine polynucleotides on the Tm values of the heli- : v sulfonyl tetrazolide were prepared, 
ces, it can be reasoned that the conformation free- \]^%^f$api pyridine was prepared by refluxing rea- 
energy difference (JP&Fs) at the melting temperature is ' gent grade pyridine (3L) with cMorosulfonic acid (40 
directly related to the Tm value, where Fj> represents . mj) for 7 hrs followed by distillation onto sodium hy- 
the free energy of the double-stranded duplex, and F$ 35 drbxide pellets (40 g). After refluxing for- 7 hrs/the 
represents the free energy of the base-stacked Single pyridine was distilled onto 4 A molecular sieves and 
strand. The values of F&-Fs reflect the conformation of stored in the dark, 

the duplex state and the single-stranded state. The data . - Silica gel column chromatography . was carried out 
indicates that (FD-F5) for isomer 1 of dApA or dApAp using Baker 3403 silica gel (60-200 mesh). Thin layer 
is slighty less than (Fp-Fs) for isomer 2 of dApA or 40 silica gel chromatography (TLQ was performed on E. 
dApAp. This reduction may reflect a higher Fs value of Merck Silica Gel 60F 254 plastic backed TLG sheets 

isomer 1 since this isomer indeed has a greater degree of (0.2 mm thick). _ . ; 

stacking, assuming that Fo for isomer 1 and isomer 2 High pressure liquid chromatography (HPLC) was 
remains the same. In contrast to the behavior with poly . carried out using a Laboratory Data Control instrument 
U, both diastereoisomers. of d-ApA form complexes .45 on columns. (2.1 mmXl m) packed with HC Pellpsil. 
with poly(dT) which have similar Tm values. Since- the : The columns were eluted with a linear gradient (40 ml 
geometry of the triple helix of dApA.2 poljr U: is likely : .. J total) of chloroform to 20% (V/V) methanol in chloro- 
to be different than the geometry of the dApA.2 poly form at a flow rate of 1 ml/min. Ultraviolet spectra 
dT triple helix, the difference in Fs of isomer 1 versus - were recorded on a Cary 14 or a Varian 219 ultraviolet 
F5 of isomer 2 may be compensated by a difference in 50 spectrophotometer with a thermostatted cell compart- 
Fxjof isomer 1 versus Fo of isomer. 2., . \ ^ent. 

The studies reported here have shown that dideox- . the following extinction coefficients (260 nm) were 
yribonucleotide analogs containing nonionic 3'-5' inter- used: d-T, 9,10ft d-[(Meo)Tr]T, 10^0ft d-[(Meo)2Tr]- 
nucleoside methyl phosphonate linkages can be readily bzA,12,500; d-bzA, 10,600; d-[(Meo)2Tr]ibuG, 17,400; 
synthesized. The configuration of the methyl group in 55 and d-ibuG, 16,700. Paper chromatography was carried 
the backbone of these dimers influences their conforma- out on Whatman 3 mm paper using solvent A: 2- 
tion in solution and their ability to form complexes with propanol-concentrated ammonium hydroxidewater 
complementary polyribonucleotides. (7:1:2 V/V). 

In addition, preliminary studies have shown that rt r^ rnu^v,T,.lifc,,rt«rp. 

oligodeoxyribonucleoside methyl phosphonates are 60 Preparation of d-KMeohTrlibuGpCE. 

resistant to nuclease hydrolysis, ar taken up in intack d-[(Nfeo)2Tr]ibuG (12 g; 18.7 mmoles) and the pyri- 
form by mammalian cells in cultur and can exert spe- dinium salt of methyl-phosplionic acid (21 mmoles) 
cific inhibitory effects on cellular DNA and protein were dried by evaporation with anhydr us pyridine 
synthesis. Unlike 2'-0-methyl oligonucleotide ethyl (4x20 ml) and the residue in 40 ml of pyridine was 
phosphotriesters, the methyl phosphonates appear to 65 treated with 2,4,6-triisopropylbenz nesulfonyl chlorid 
have relatively long half-lives within the cells. Thus, (12.7 g, 42 mmoles) f r 8 hrs at room temperature, 
oligonucleoside methyl ph sphonates of specific se- Hydracrylonitrile (4.5 g, 63 ^ mmoles) and 2,4,6-triiso- 
quence could complement oligonucleotide phosphokri- propylbenzenesulforiyl chloride (0.61 g, 2 mmoles) 
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were added and the reaction mixture was kept at room 
temperature. Aft r 2 days the reaction mixture was 
pour d int 500 ml of ice-cold 5% NaHC03 solution. 

The solution was extracted with ethyl acetate 
(2x250 ml) and th combined extracts w r dried over 
anhydrous Na2S04. Examination of the xtract by TLC 
showed the presence of both d-[(Meo)2Tr]ibuGpCE 
(Rf-0.31 silica gel tic, 10% MeOH/CHCb) and d- 
ibuGpCE (Rf-6.14, silica gel tic, 10% MeOH/CHCl 3 ). 

After concentration, the ethyl acetate extract was 
chromatographed on silica gel (4x35 cm) using ether 
(1L ) and a 0 to 20% linear gradient of methanol in 
chl roform (1.6L total) as solvents. d-[(Meo)2T- 
r]ibuGp€E (2.75 mmoles) was obtained in 15% yield 



10 



tected oligonucleotides on silica gel TLC and silica gel 
HPLC are given in Tabl VII. 

Preparation of Oligonucleosid Methylphosphonates: 

The protecting groups wer removed fr m the 
blocked oligonucleoside methylphosphonates using 
conditi ns described pr viously. In the case of the dA- 
containing oligomers, the N-benzoyl groups were re- 
moved by treatment with hydrazine. The oligomers 
were purified by preparative paper chromatography 
using solvent A. For the [ 3 H] -labeled oligothymidine 
methylphosphonates, d-TpV[ 3 H]-T, the condensation 
reactions containing d-[^feo)2TrlTp)„+pH]TOAC 
were run on 0.01 (n= 1) and 0.005 (n=4,8) mmole scales 



while d-ibuGpCE (2.46 mmoles) was obtained in 13% 15 while d-GpGp-pHJ-T was prepared on a 0.012 mmole 



yield. 



scale. 



After completion of the reaction, the protecting 
groups were removed and the entire reaction mixture 
was chromatographed on paper. The oligonucleoside 
20 methylphosphonates were eluted from the paper with 
50% aqueous ethanol. The ethanol solutions were 
passed through DEAE cellulose columns (0.5 X 1 cm) 
and stored at 0* C. 

^ ^ . The UV spectral properties and chromatographic 

cific conditions used in the condensation reactions and 25 mobilities of the oligonucleoside methylphosphonates 
the yields obtained after silica gel column chromatogra- are given in Table VII. For use in the physical, bio- 
phy are given in Table VL The ultraviolet spectro- chemical, and biological experiments described below, 
scopi characteristics and the mobilities of the pro- aliquots containing the required amount of oligomer 

were evaporated to dryness and the oligomer was dis- 
30 solved in the buffer used in the particular experiment 

TABLE VI ' 



Additional d-[(Meo)2Tr]ibuGp (3.69 mmoles, 20%) 
was obtained from the aqueous bicarbonate solution 
after xtraction with chloroform (2x200 ml). 

Preparation of Protected Oligonucleoside 
Methylphosphonates: 

The same general procedures were used for the prep- 
aration of dinucleoside methylphosphonates. The spe- 



Prcparadon of Protected OIigodco»yribonocleoride Methylphotphonatea 



3'-Methylphosphonatc 



5'-OH 



Components 



(mmoles) Component 



MSX Product 
(mmoles) (mmoles) (mmoles) 



Yield 
% 



d4(MeOhTr]tbuOp (0.50) d-ibuGpCE (0.50) 

<H(MeOhTr]ibuGp (1.0) d-bzAOAC (1.5) 

<H(MeOyrr]TpTp (0.33) d-TpTpCE (0.50) 

d-{(MeO)Tr]TpCrp)2TpCB (a0324) d-TpCTpfcTpCE (.0524) 

<K(MeOhTr}ibuGpibuOp (.07) d-TOAC (.15) 

d.[(MeO)2Tr]bzApbzAp (0.065) d-bzAOAC (0.043) 

d-[(MeO)2Tr]b2ApbzAp (0.13) d-bzApbzAOAC (0.20) 

d-[(MeO)2Tr]bzApbzAp (0.0168) d-ibuQpbzAOAC (0.0168) 



10 d-((MeO)2TrlibuGpibuGpCE (.082) 16 

4.0 d-[(MeO)2TrlibuGpbzAOAC (0.42) 42 

1.6 d-[(MeO)Tr]TpTpTpTpCE (0.168) 50 

ai6 d-[(MeO)Tr]rKTp)6TpCE(.0I38) 43 

028 d-[(MeO)2TrlibuOpibuGpTOAC (a01S3) 22 

ai63 d-[(MeO)2TrIb2ApbzApbzAOAC (0.023) 53 

0.52 d.[(MeObTrlbzApbzApbxApbzAOAC (0.031) 24 

0.0735 d-[(McOhTr]ApbzApibuGpbzAOAC (0.0029) 1 



TABLE VII 



Ultraviolet Spectral Properties and Chromatographic Mobilities of Protected 
OHgodeoxyribonucleoade Methylphosphonates 

UVSpcctra g 



Oligomer 



X max. 


X min. 






Silica GelTLCfRfl* 


nm 




cilcd. 


obsvd. 


calcd. 


obsvd. 


5% 


10% 


15% 


20% 


265 


243 


1.34 


1.31 


1.55 


1.64 






.08 


.29 


235 sh 


















.13 


265 


243 


1.75 


0.92 


1.57 


1.56 




0.00 




238 


225 


1.19 


1.05 


1.33 


1.32 




0.16 






253 


245 


















260 


256 


















280 


270 


















235 


256 


0.82 


0.75 


0.88 


0.87 




0.29 






278 




















260 


239 


1.63 


1.27 


0.90 


0.90 




0.18 






280 


267 












0.14 






240 sh 


228 


1.34 


1.51 


1.38 


1.45 




0.18 






260 




















275 sh 




















234 


227 


0.66 


0.61 


0.59 


0.59 




0.41 


0.55 




280 


255 












0.38 


0.53 




233 sh 


253 


0.71 


0.60 


0.59 


0.60 






0.31 




280 




















235 sh 


255 


0.89 


0.74 


0.73 


0.75 




0.15 


0.44 





Silica 
Gel HPLC' 
Retention time 
(min) 



d-[(MeO)Tr]TpTpTpTpCE 

d.[(MeO)Tr]Tp(Tp)6TpCE 
d-[(MeObTr]ibuGpibuGpCE 



d-KMeOhTrjibuGpbzAOAC 

d-ibuGpbzAOAC 

d-{(MeOhTr]ibuGpibuGpTOAC 

d-t(MeO) 2 Tr3bzApbzApbzAOAC 



19.2 



12.3 

15.5 
17.6 
16.0 



13.4 
14.3 
19.3 

23.8 
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TABLE Vll-contuiued 



Ultraviolet Spectral Properties and Chromatographic Mobilities of Protected 
Ohgodeoxyribonucleoside Methylphosphonatea ■' " '' 

UV Spectra 0 - : ' . * ! GelHPLC* • 

Xmax. Xmin. trams euanm Silica Gel TLC (Rfl 6 Retention time 

Oligomer nm • mn calcd. obsvd. calcd obsvd. 5% 10% 15% 20% (mill) ■■" 

280 . " ■ ~;" • • • : ' / ■ 

'Measured in 93% ETOH 

*EM silica gel 60 Fj* sheets, 0.2 mm thick. 

<HC Pdio&U (11 mm X 1 m)0% to 20% methanol in chloroform 1 ml/mii^ 40 m! toul volume 



Interaction of Oligodeoxyadenylate tate, 0.2 mM magnesium acetate 6 to 50M oligomer and 

Methylphosphonates With Polynucleotides j j 20.5 jiM pH]-leucine. . . 

tu- „ Q • aw%A m- i*i„„ For the translation of poly(U) the reactions were run 

The continuous variation expenm^ts and mehing containing: U of translation mixture, 

experiments were earned out. The extinction coeifici- V™ w T - ^ , 6 * w . ; ' 

enET the oligomers were determined by comparing }g 9jf ™W**m 
the absorption of a solution of the oligomer in witer al 

pH 7.0 to the absorption of the same solution at pH 1.0. 20 jSj.21 *iK ^WTST 

The oligomer «tinction coefficient was calculated ba ^ ed : by ado^pn of Sjdofj^ocyte lysate. 

from the observed hyperchromicity of the oligomer at J^&&^ t V OV $-£- ^^""vJ? 

P H 1.0 by using the following extinction coefficients: rf^.Waapf^s^^^a^^ 

n^^^o^iS^O^^ 

Cell-Free Aminoacvlation Uptake of Oligodeoxyribonucleoside -yr 

Cell-Free Ammoacytotion Methylphosphonates- 

& coll system: Unfractionated tRNA£ coli was _ „_»_!,_' vtf''<i' , Ai»-i3ifi , T h n«i^rnn t" ««A 

piicLed from Schwarz Mann and un^tior.^ 30 ^^S^^^ 

a>ln iminoacyl synthetase was purchased ^m^es SiaSweredeS ™V . . 

Laboratories, Inc. Reactions were run in 60 pi buffer ■ WC1C wmuuu ^ 

containing 100 nM Tris, HC1, pH 7.4, 10 mM Effects of Oligodeoxyribonucleoside 

Mg(OAC>2» 5 mM KG, 2 mM ATP, 4 pM pH]-amino Methylphosphonates On ^ Colony Formation 

acid, L8 pM tRNA coli and 0 to 100 pM oligonucleo- 35 ^ coli ' 

^f" . ... . . * ■ - A R coli B was grown in M-9 medium supplemented 

Reactions were uutiated by ^ addition of 4 pg of ^ ^ QH^'a^llieielli 

aminoacyl synthetase. ^«°?(^ wereharvested iintidjog phase and resuspended in 5Q 

varioustun^^^ StSmSumcon&gO^ 

acid and the resulting precipitate filtered on Whatman 40 ^ q{ lx l #^ WM ./ : r>£ , v 

G/F filters, _^ rtwlo rt roki wn a „H The cdls ww incubated for 1 hr; at;37' £ and then 

^er wasW wtA 4 ^ " dilute* with 0,9 ml of medium. A 0* ml aliquot, was 
4 (1 ml) portion of 95% ETOH &e added to 2.5 ml of 0.8% Bactoagar at 45* C Tbi&ti* 

and counted in 7 ml New England Nuclear 949 scintilla- tion ^ quic kly poured onto a 100 mm plate containing 

^"Jf^- , rf c . solid 1.2% Bactoagar. After solidification, the plates 

(2) Ra^bit.Reticulocyte System in CU bated overnight at - 37" C and the resulting 

A rabbit reticulocyte cell-free translation system was ^\Z^^I(^M 

obtain*! from New England Nuclear Reactions Were Tnirisf6ricd Syrian Hamster Embryonic Fibro- 

runm 12.5 jd of buffer contammg 1 ^1 tr^lation ^ ^ ^ Transformed Human Fibroblasts 

ture, 79 mM potassium acetate, 0.6 mM magnesium 50 JSfSi«gSi' 

acetate, 57 pM pH]-Lysine, ^d 50 ^ oligomen^e / ^ i„ thc presence of 

reactions were uutiated by addition of 5 p\ of retuculo- mct h y lphosphonate analogues was carried out 

cyte lysate and were assayed as described for the E. coh m mciuyiptiuapuwiuiw » 

system. RESULTS 

Cell-Free Protein Synthesis 53 Synthesis of Oligodeoxyribonucleoside 

M „ Methylphosphonates 

(1) £ co// system *1 . ^ 

A cell-free protein synthesizing system was isolated The synthetic scheme used for preparing the oligonu- 

from R coli B cells (S-30). The system incorporates 300 clebside methylphosphonates followed the basic ap- 

pmoles of [ 3 H]-phenylalanine/mg of S-30 protein after 60 prdach used to synthesize dideoxyribonucleoside mc- 

15 min incubation at 37* C when poly U is used as a thylphosph nates. Suitably protected monomers or 

message. oligomer blocks carrying a 3'-terminal methylphos- 

(2) Rabbit Reticulocyte phonate group wiere condensed with protected mono- 
The reticulocyte translation system prepared by New or oligonucleotides bearing a free 5'-hyroxyl group. 

England Nuclear was used. F rth translation of globin 65 Mesitylenesulfonyl tetrazolide was used as the condens- 

mRNA the reactions were run in 12.5 |il of buffer con- ing agent. The fully protected oligomers wpre purified 

taining: 1 ftl of translation mixture, 0.10 pg of gl bin by silica gel column chromatography. /The rpactipn 

mRNA (Miles Laboratories), 79 mM, potassium ace- conditions used and the yields btained are given in 
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Table VI. The oligomers were charact rized by ultravi- 
olet spectroscopy, thin layer chromatography and high 
pret-ure liquid chromatography as indicated in Table 
VII. 

The protecting groups were removed as previously 
described. In the case of the deoxyaden sine^ontaining 
oligomers, the N-benzoyl groups were first removed by 
treatm nt with hydrazine hydrate. The remaining 3'-0 
acetyl and 5'-0 dimethoxytrityl groups were removed 
by sequential treatment with ammonium hydroxide and 
80% acetic acid. The oligomers were purified by pre- 
parativ paper chromatography and were characterized 
by UV spectroscopy (Table VIII). 

Interaction of Oligodeoxyribonucleoside 
Methylphosphonates With Complementary 
Polynucleotides 

Tabl DC summarizes the melting temperatures of 
complexes formed between oligodeoxyadenosine me- 



10 



15 



est r, G m p (Et)-G m p(Et>pH]-U, which are: 9.300M-' 
(0- C), l,900M-i, (22* C.) and 2,000M~i (37* C). 

Effect of Oligodeoxyribonucleoside 
Methylphosphonates n Cell-Free Aminoacylati n to 
tRNA 

The effects of selected oligodeoxyribonucleosid 
methylphosphonates on aminoacylation of unfraction- 
ated tRNA R coli are shown in Table X. Three amino 
acids were tested at various temperatures. The deox- 
yadenosine-containing analogs which are complemen- 
tary to the — UUUU — sequence of the anticodon of 
iRNAKcoi/* 3 have the largest inhibitory effect on ami- 
noacylation of tRNA^eo//^. 

The percent inhibition increases with increasing 
chain length and decreases with increasing temperature. 
Inhibition by d-ApApGpA and by the diesters 
dApApApA is less than that exhibited by d-ApApApA. 
In contrast to their behavior with TKNA&colP*> neither 



complexes tonnea ocrween ougoaeoxyaacnusinc u*c- ™ — ~™ 1 a TIAXa 
thylphosphonates and poly (U) or poly (dT). For com- 20 the methylphosphonates, d-ApApApA, d-ApApGpA 
„w;«o, t^rahirM nfRnmnletM formed nor the nhosnhodiesters, d-ApApApA, r-ApApApA, 



parison, the melting temperatures of complexes formed 
by oligodeoxyribo- and oligoriboadenosines are in- 
cluded. Each oligomer forms a triple-stranded complex 
with a stoichoimetry of 2U:1A or 2T:1A. 

The melting temperatures increase as the chainlength 25 
of the oligonucleotide increases. For a given chain 
length, the complexes formed by the methylphosphon- 
ate analogues melt at higher temperatures than those 
formed by the natural diestcr oligomers. oligomer* 1 ) 
TABLE Vm _ 

Spectral Properties and Chromatographic Mobilities of Oligodeoxyribonucleoside 
Methylphosphonates 



nor the phosphodiesters, d-ApApApA, r-ApApApA, 
had any inhibitory effect on tKNArabbi/** in the rabbit 
reticulocyte cell-free system (data not shown). 

TABLE X 

Effects of Oligbnocleoside Methylphosphonates on 
AminoacyUtion inan&co// Cell-Free System 

% Inhibition^ 



Pbc 
O'C. 



Leu 



Lysine 



0* C 22* c jr c 



UV Spectra" 



Paper Chromatography* 



Oligomer 



d-GpGpT* 

d-ApApA 
d-ApApApA 



X max. 


X min. 




e 


Rf 


am 


nm 


«260/«2BO 


X max 


Solvent A 


257 


230 


1.45 


33.4 X 10 3 


a3i 


270 sh 






39.0 X 10 3 




258 


232 


4.27 


0.29 


258 


230 


3.77 


5<X4 X 10 3 


an 


258 


227 


3.03 


5tt3 X 10 3 


an 


267 


235 


1.53 




0.59 


266 


235 


1.49 




0.21 


266 


235 


1.56 




an 



"Matured in water. pH 7.0 

*Rf<pT -an _ v 

cjte uv spectrvm is timiUr to that of d-OpGpT (Miller cL iL, 1974). 



TABLE IX 



Interaction of OUgonucleoside Methylphosphonates with 
Complementary Polynucleotides" 



Oligomer 



Tin Poly U (2U:IA) Tm Poly dT (2T:1A) 50 



d-ApA isomer 1 
isomer 2 
d-ApApA 
d-ApApApA 
d-ApA 
d-ApApApA 
r-ApApApA 



15.4 
19.8 
33:0 
43.0 
7.0 
32.0 
36.2* 



18.7 
18.4 
36.8 
44.5 

92. 
35.5 

2.4* C 



d-ApA 
d-ApApA 
d-ApApApA 
d-ApApOpA 
d-GpGpT 
dQpGpT (400 fiM) 
d-ApApApA 
r-ApApApA 



6 


0 


7 






9 


0 


62 


15 


0 


9 


12 


88 


40 


16 


12 


12 


35 


0 




31 


5 


34 


9 


15 


23 










0 


7 


7I» 


15« 








78<<*> 


17^ 





55 



■5 X 10" 5 M total {nucleotide], 10 raM Trii, 10 raM M&CI2, pH 7.5 

With the exception of r-ApApApA, the complexes 
formed by the oligomers with poly (dT) have slightly 60 
higher melting temperatures than the corresponding 
compl xes formed with poly (U). 

The interaction f d-GpGp-pH]-T with unfraction- 
ated tRNA Rcoli was measured by equilibrium dialysis. 
The apparent association constants at 0\ 22", and 37* C. 65 
are 1,100M-', 200M" 1 , and 100M-1 respectively. 
These binding constants are much lower than those of 
the 2'-0-methyiribooligonucleotide ethyl phosphotri- 



O[oligomcrl 50 fiM 
<*>[tRNA«d-2)iM 
^oligomer] °» 100 fiM 
W[oliforoer] - 125 fiM 



Effects of Oligodeoxyribonucleoside 
Methylphosphonates On Cell-Free Protein Synthesis 

The ability of deoxyadenosine containing oligonu- 
cleoside methylphosphonates to inhibit polypcptid 
synthesis in cell-free systems directed by synthetic and 
natural messages was tested. The results of these experi- 
m nts are given in Table XI. Poly (U) directed phenyl- 
alanine incorporation and poly (A) directed lysine in- 
corporation are both inhibited by oligodeoxyadenosin 
methyl phosph nates and diesters in the Rcoli system at 
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22* C The percent inhibition increases with oligomer 
chain length and is greater for polyphenylalanine syn- 
thesis. Th methylphosphonate. analogues are more 
effective inhibitors than either drApApApA or r- • 
ApApApA at the same concentration. . Although both 5 
the oligodeoxyadenosine methylphosphonates and the 
phosphodiesters inhibit translation of poly (U) in the t . 
rabbit reticulocyte system, no effebt on the translation 
of globin message was observed. . , . . 

As in the case of the Kcoli system, inhibition of phen- io 
ylalanine incorporation increased with- oligomer chain 
length and was greater for the methylphosphonate ana- 
logues than for the diesters. 

Uptake of Oligodeoxyribonucieoside J5 
Methylphosphonates By Mammalian Cells 
FIG. 18 shows the incorporation ( of radioactive 100 
uM d-GpGp-pH]-T with time into transformed Syrian . 
hamster enibryonic fibroblasts growing in monolayer, 
the incorporation is approximately linear for the first 2D 
hour and begins, to level off after 1.5 hours. Ilie concen- 
tration of radioactivity inside the cell is approximately 
117 ftM after 1.5 hours assuming a cell volume of 1.5 
jil/10* cells. 



transformed Syrian hamster fibroblast (BP-6) and trans- 
formed human fibroblast (HTB 1080) cells are summa- 
rized in Tabl XII. Th d-Ap)nA analogues appear to 
inhibit K coli colony formation at high concentrations 
(160 /tM). However, no inhibitory effects on cellular 
protein or DNA synthesis could be detected in the 
presence of these compounds by the present assay pro- 
cedures. 

TABLE XH 



Effects of OUfionodeoskle Methylphosphonates on Colony 
Formation bv BacUrial and Mammalian Cells in Calti^ 

% Inhibition^) 



EcoUB 



Oligomer 3Q|iM 160 mM BP^(50fiM) 



d-ApT 
d-ApA 
d-ApApA 
, d- ApAp ApA 
cKfrOpT 



4 

8 
3 

19 
7 



5 
38 
44 

78 
11 



VtoW- 
6. <*» 
29 

7 



HTB 1080 
(50j*M) 

12 
5 
31 

,19. 
9 





TABLE XI ^ 


Effects of Oligoimclcoside ^ Meth^pliosjflK»ites on Bacterial 
»4.«t».li,n CriVPtee Protdn Synthesis at 22 G 


Kcoli 


Rabbit RedcolocYte 


FoIyU Poly A PolyU GktomRNA 
Oligomer directed^ directed^ directed^ .directed^ 


d-ApA 20 
d-ApApA 84 

d-ApApApA 100 
d-ApApOpA 22 
d-ApApApA 13 


10 
30 
65 

19 
17 


81 . * — 
77 0 
' — 0 
18 0 : 
85 0 



25 



30 



35 



, . 175-200 In base 

l*>(PolyAl- 300jiMfaA 
aUgoiner] - 173-200 jiM in base 
0toHgomerJ- 200,1Mb ease 



Cells were incubated with 25 jtM d*GpGp-pH] r T for 
18 hours. The medium was removed, the cells were 
washed with phosphate buffer and then lysed with 
SDS. Approximately 30% of the total radioactivity 
from the lysate was found in TCA precipitablc material- 
TheDNA was precipitated from the lysate and digested 
with deoxyribonuclease and snake venom phosphodies- 
. terade. The culture medium, the DNA-free lysate and 
the DNA digest were each examined by paper chroma- 
tography. Only intact d,GpGp-pH>T wasfou^iathe 
medium. Radioactivity corresponding to pHj-TTP 
(6%) and to d-GpGp-pH>T (94%) ^ found :in the 
lysate. while the DNA digest gave pHJ^dpT and-PH]- 
dT as products. • ^ : / A . 

Similar uptake studies were earned out with d- 
ApPH]-T and with a series of oligothymidylate ana- 
logues, d-(Tp)n-pH]-T (n= 1,4.8). The rates and extents 
of uptake of these analogues were very similar to that of 
d-GpGp-pHl-T (FIG. 1)» Examination of the culture 
medium and cell lysate after -overnight incubation with 
these oligonucleotides gave results 1 similar vto^ those 
found for d-GpGp-pH]-T. 

Effects of Oligodeoxyribonucleosid 
Methylphosphonates On Colony Formatipn.By 

Bacterial and Mammalian Ceils 
The effects of selected oligodeoxyribonucieoside 
methylphosph hates on colony f nriatibn of K coli B, 



40 



45 



50 



55 



60 



65 



toTbc remit* att the average of two or three experiment*. Each ope. - - 

■feed'of 2 pbtes (beeterial odb) or 3 plate* ( M i mmdUn ccUsVTte average varia- 
tlbo fi: ±3% in * inhfliitiaa The ceB* were 
of the oligomer at 3TG 

*0>Tbe * inrdbitka of taner 1 and 2 re*pectfvdy. 

Colony formation of both transformed hamster and 
human cells are inhibited to. various extents by the 
oUgoriucleosideTnethylphosphoriaies; Both this hamster 
and human-cells appear to be affected to a similar extent 
by a given analogue. It appears in the case of dApA, 
that each diastereoisomer exerts a different inhifitory 
effect on the growth of the hamster cells. As in the case 
of K coli no inhibition of cellular protein synthesis 
could be detected. 

DISCUSSION 
Oligodeoxyribonucieoside methylphosphonates with 
sequence complementary to the anticbdbn loop of 
WNAfr* and to the — ACCA— OH atmino acid accept- 
ing stem oftRNA were prepared in a manner similar to 
that used to prepare dideoxyribonucleoside methyl- 
phosphonates. ' 1 ■ " -.. . 

The present studies demonstrate the ability to jom 
blocks of protected methyl-phosphonates to giye oligo- 
mers with chain lengths up to nine nucleotidyl unto. 
The yields in these condensation reactions are accept- 
able, although reactions involving deoxyguanosine resi- 
dues appear to proceed in low yield. 

Similar difficulties have been encountered in the syn- 
theses of oligonucleotide phosphotriesters. Unlike the 
dideoxyribonucleoside methyl-phosphonates previ- 
ously reported, the oUgodeoxyribonuclepside methyl- 
phosphonates prepared for this study were not resolved 
into their individual diasteroisomers. 

The oligodeoxyadenosine analogues form tnple 
stranded complexes with both poly(U) and poly(dT). 
These complexes are more stable than similar com- 
plexes formed by either oligoribo- or ohgodeoxyribonu- 
cleotides; As previously suggested for ohgonucleoude 
ethyl phosphotriesters, and dideoxyribonucleoside 
methyl-phosphonates, this increased stability is attrib- 
uted to the decreased charge r pulsion between the 
nonionic backbone of the analogue and the negatively 
charged complementary polynucleotide backbone. 
With the exception of r-ApApApA male DO, the 
stability of the complexes formed with poly (dT) are 
slightly higher than those formed with poiy(U). * situa- 
tion which is also observed for the interaction of 
poly(dA) with poly(dT) and with poly(U). The lower 
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stability of the (r-ApApApA).2 po!y(dT) compl x is ability of this oligomer to bind to th diff rent 

also reflected at the polymer 1 vel. — ACC— ends of the various tRNAs. 

T-us, und r th conditions of the xperiments de- Inhibiti n of lysin aminoacylation by dGpGpT is 

scribed in Table DC, it was found that the Tm of poly(- very temperature sensitiv and parallels the decrease in 

rA).2 poly(rU) is 83* C. whil the Tm of poly(rA).2 5 binding to tRNA with increasing temperature. This 

poiy(dT) is 59 # C. It was observed that formation of the behavior f d-GpGpT contrasts that of G p m (ET)Gp. 

poly(rA).2 pbly(dT) complex occurs only at a sodium W (ET)U. Although both oligomers can potentially ui- 

ionc ncentrationof2.5M in the absence of magnesium, teract with the same sequences m tRNA, the 2'-0- 

while poly(rA).2 poly(rU) forms in 0.1M sodium phos- methylribotrinucleotide ethyl phosphotnester binds 

phate buffer 10 more stron^y and more effectively inhibits aminoacyla- 

The oligodeoxyadenosine methylphosphonates and tion- The differences in binding ability may be due to 

their parent dieters selectively inhibit cell-free ami- overall differences in the conformation of the deox- 

noacyladon of tRNAw/^. The extent of inhibition is >nbo- versus 2'-0-methyIribo backbones of these ohgo- 

temperature dependent and parallels the ability of the _ mc ™- t . . „ t - . 4 _ 

oligomers to bindto poly(U). These observations and « ™ c ohgrimyrtnnucltotxdc methylphosphoiiates 

th previously demonstrated interaction or r- f **vely 

a_a~a_a **aIu ♦d*ia ^ ,/w c.,««o*t th»t tn^hiHnn free systems derived from both R coli and rabbit reticu- 

^T.^T^b£^-SS: l~4^the £ cc//s^e m ,thccxtc„tofi^bido^ 

UU- anticodon loop of the tRNA. The reduced inhibi- S^Sj^SZT S£SnSTrt£Z 

A . , , ... f A a_t*-a ;„ „ M „a*u *ui~ 20 values of the oligomers wiht poly(u), The tetramer, 

Hon observed with d-ApApGpA is consistent with this d-ApApGpA which would have to form a G.U base 

explanation, since interaction of this oligomer with Ae ^ v was 43 _ fold leM effcctive than d . 

anticodon loop would involve formation of a less stable ApApApA. 

G.U base pair. - « r These results suggests that the oligomers inhibit poly- 
Recent studies by others have shown that the rate of ^ dde synthesis ~ a consequence of forming com- 

ammoacylation of tRNA substituted with 5- ^ ^ the 1(IJ) mC ssage. A similar inhibitory 

fluorouracil is considerably lower than that of non-sub- ^ b ly(dA) on the translation of poly(U) has 

stituted tRNA£«*v*» The increased Km of the 5- been observed by others. 

fluorouracil substituted tRNA suggested a decreased ft ^ unlikcly inhibition results from non-specific 

interaction with the lysyl aminoacyl synthetase. 3Q intcract ion of the methylphosphonates with protein 

These results and those of others suggest that the components of the translation systems, 

anticodon loop of tRNA^coflO* is part of the synthetase In ^ K ^ S y Stem , poly(A) translation is inhibited 

recognition site. Thus, inhibition of aminoacylation by to a \ esscT extaxt t ^ an ^ translation of poly(U), while in 

the oligodeoxyribonucleoside methylphosphonates ^ rct iculocyte system, no inhibition of globin mRNA 

could result from the reduction in the affinity of the 35 translation is observed. 

synthetase for tRNA^-oligonucleotide complexes. j^e data suggest that the magnitude of inhibition of 
The greater inhibition observed with d-ApApApA poly(U)-directed polypeptide synthesis in the £ coli 
versus the diesters, d- ApApApA or r-ApApApA may system does not reflect proportionally the ability of the 
result from greater binding of the analogue to the anti- oligomer to bind to poly(U). Although the oligomer 
codon loop or to the decreased ability of the synthetase 40 pafo d-ApApA/d- ApApApA and d-ApApApA/r- 
to displace the nonionic oligonucleotide analogue from ApApApA form complexes with poly(U) which have 
th anticodon loop. very similar Tm's (see Table IX), in each case the me- 
Altcrnativcly, oligomer binding to the anticodon thylphosphonate analogues inhibit 5.5 to 6.5 times bet- 
loop could induce a conformational change in the ter than do the diesters. The stronger inhibitory effect 
tRNA, leading to a lower rate and extent of aminoacy- 45 CO uld result from a decreased ability of the ribosome to 
lation. Such conformational changes have been de- displace the nonionic oligodeoxyribonucleoside methyl- 
tected when r- ApApApA binds to iKNAE.colJ*'- phosphonates form the poly(U) message, or alterna- 
None of the oligomers have any effect on the ami- tively, there may be a degradation of the oligonucleo- 
noacylation of tRNAniM//^ in a cell free system. Since tides (phosphodiesters) by nucleases in the cellfree 
the anticodon regions of tRNAs from bacterial and 50 translation systems, but not the corresponding phospho- 
mammalian sources probably are similar, the oligo A nate analogues. 

analogues are expected to interact with the anticodon Experiments with radioactively labeled oligonucleb- 

r gion of both tRNA^s. The failure to observe inhibi- tide methylphosphonates show that these analogues are 

tion f aminoacylation of tRNA«W* in the presence taken up by mammalian cells growing in culture. The 

of these oligo d-A analogs suggestes that there may be 55 extent of uptake is consistent with passive diffusion of 

a diff rence between the interaction of the lysine the oligomer across the cell membrane. Both d-Tp-[ 3 H]- 

aminoacyl synthetase with tRNA'>* from K coli and T and d-CTp)g-pH]-T are taken up to approximately the 

fr m rabbit systems, or a difference between the struc- same extent which suggests that there is no size restric- 
ture f these two tRNA^* in response to the binding of tion to uptake over this chain length range. This behav- 

ligo A analogues. 60 ior is in contrast to results obtained with R coli cells. 

The trimer, dGpGpT, inhibits both phenylalanine Examination of lysates of m a m mal i a n cells exposed to 

and lysine amin acylation at 0% but has little effect on labeled olig mers for 18 hours showed that approxi- 

leucine aminoacylation. The amin acyl stems of both mately 70% of the labeled thymidine was associated 

tKNAE t€0 i/P; and tRNA^c©//*** terminate in a G-C base with intact oligomer with the remainder f und in thy- 

pair between nucleotides 1 and 72, while a less stable 65 midine triphosphate and in cellular DNA. 

G-U base pair is found at this position in tRNA£.« 7 //«'. These bservations indicate that the ligodeox- 

Thus the observed differences in inhibition of ami- yribonucleoside methylphosphonates, which are recov- 

noacylation by d-GpGpT may reflect differences in the ered intact from the culture medium, are slowly de- 
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graded within th cell. Failure to obscrv shorter oligo- 
nucleotides and the known resistance of the methyl- 
phosph nate linkage to nuclease hydrolysis suggests 
that degradation may result from cleavage of the 3'-ter- 5 
minal pH]-thymidine N-glycosyl bond with subsequent 
reutilization of the thymine base 

The uptake process of the oligonucleoside methyl- 
phosphonates is quite different from that of previously 
studied oligonucleotide ethyl phosphotriesters. 10 

In the c^e of G^CEOG^CEO-PHJ-U, the oligomer 
is rapidly taken up by the cells and is subsequently dee- 
thylated. Further degradation to smaller oligomers is 
then observed, presumably as a result of nuclease-cat- \$ 
alyzed hydrolysis of the resulting phosphodiester link- 
ages. 

Approximately 80% of the oligomer is metabolized 
within 24 hours. Although the rate of uptake of d- 
Gp(Et) Gp(ET>pH]-T is similar to that of d-GpGp-i 
pH]-T, examination of the cell lysate showed extensive 
degradation of the phosphotriester. analogue. The rela- 
tively long half lives of the oligodeoxyribonucleoside 
methylphosphonates may be of value in potential phar- 25 
macological applications of these oligonucleotide ana- 
logues. 

The effects of these analogues on cell colony forma- 
tion confirmed that the methylphosphonates are taken ^ ^ 
up by both mammalian and bacterial cells. All the oligo- 
mers tested inhibited colony formation of both cell 
types of various extents. The mechanism(s) by which 
these compounds exert their inhibitory effects is .cur- 
rently under investigation. 35 

No decrease in either overall short term cellular pro- 
tein synthesis or DNA synthesis was detected by the 
present procedure in the presence of these compounds. 
This does not rule out the possibility that the syntheses 40 
of certain critical proteins are perturbed by these oligo- 
mers. Currently, studies are being made of this possibil- 
ity by examination of the cellular proteins using 2- ' : 
dimensional gel electrophoresis. 

The experiments described hereinbefore extend these 4 ? * 
studies on the use of nonionic oligonucleotides as se- 
quence/function probles of nucleic acids both in bio- 
chemical experiments and in living cells. In a future, 
there will be described the effects of an oligodeox- 50 
yribonucleoside methylphosphonate complementary to 
the 3'-terminus of 16S rRNA on bacterial protein syn- 
thesis and growth. The results here, however, suggest 
that sequence specific oligonucleoside methylphos- ^ 
phonates may find important applications in probing 
and regulating nucleic acid function within living cells. 

What is claimed is: 

1. Alkyl or aryl phosphonate nucleic acid analogs, 
comprising, at least five nucleosides, and an alkyl or 60 
aryl phosphonate group, said nucleosides being linked 
together by said alkyl or aryl phosphonate group to 
f rm phosphonate nucleic acid anal gs, where the alkyl 
phosphonate group or the aryl phosphonate group do 65 
not sterically hinder the phosphonate linkage or interact 
with each other, said alkyl or aryl phosphonate nucleic 
acid analog as defined by the structural formula: 
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where B is a base; R' is a hydrogen, hydroxy!, O-alky! 

or O-aryl or O-halogen; R is alkyl or aryl; and wh re HO- 

the S and R configurations define the spatial locati n f 

the alkyl r aryl gr up, with R den ting the alkyl or 

aryl group in a pseudoequitorial position and S denoting | 

. , CHj— p=o 

the alkyl or aryl group in a pseudoaxial position. | ^ Ou 

2. The alkyl or aryl phosphonate nucleic acid analog 1Q 
as recited in claim 1, wherein each said nucleoside in- 
cludes a 3'-hydroxyl group and a 5'-hydroxyl group, ^ /j 
with a 3'-hydroxyl group of one nucleoside being linked ch 3 — P=o 
with a 5'-hydroxyl group of the other nucleoside. 15 1 Q Ou 

3. The alkyl or aryl phosphonate nucleic acid analog 
as recited in claim 1, wherein each said nucleoside has 



O H 
I 

-p=o 



one of the following sugars: ribose, 2'-deoxyribose, 2'-0 o H 

alkyl ribose, 2'halogenoribose, or aryl ribose. 20 CH 3 — P=o 

4. The alkyl or aryl phosphonate nucleic acid analog 
as recited in claim 1, wherein each said nucleoside has a I Ad 
base consisting of at least one of the following: adenine, 0 xJ 
thymine, cytosihe, guanine, uracil or hypoxanthine. J* 

5. The alkyl or aryl phosphonate nucleic acid analog £ ^ 
as recited in claim 1, wherein the number of nucleosides cHy-P=*o 
can range frotn at least five to at least twenty linked 30 £ ^ Go 
together by said alkyl or aryl phosphonate groups, 

6. The alkyl or aryl phosphonate nucleic acid analog 
as recited in claim 1, wherein said alkyl or aryl phospho- o H 
nate group consists of R and S configurations, wherein 35 ch 3 — P=o 
R and S define the spatial location of the alkyl or aryl 0~1 ^ 0 
group, with R denoting the alkyl or aryl group in a 
pseudoequitorial position and S denoting the alkyl or • 

aryl group in a pseudoaxial position. . ^ H 

7. A heptadeoxyribonucleoside methylphosphonate ch 3 -p=o 
nucleic acid analog comprising six methylphosphonate o— 1 o ■ 
groups, and seven nucleosides, covalently linked to- 45 ^ J\ 
gether in the following order: deoxyadenosine, deox- T 
yquanosine, deoxyguanosine, deoxyadenosine, deox- 
yguanosine, deoxyguanosine, and thymidine, as defined w here Ad is adenine, Gu is guanine, and Th is thymine, 
by the structural formula: 50 
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